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428 H. G. MILLER, J. B. STANTON, AND J. L. GIBBONS 


PART I 


NEUROLOGICAL COMPLICATIONS OF MEASLES, VARICELLA, AND 
RUBELLA; WITH A COMPARATIVE STUDY 


THE aim of this paper is to review comprehensively the literature relating to the 
neurological complications of some common acute infections. The diseases dealt 
with are measles, chicken-pox, and rubella, of which the available world litera- 
ture is fully reviewed; with less intensive but fairly complete studies of the 
literature on neurological complications of mumps, whooping-cough, and scarlet 
fever. No clinician sees more than a very limited number of such cases in a life- 
time spent in the practice of acute medicine or neurology, and most recorded 
generalizations about these conditions are based on fragmentary experience. 
The questions we set out to answer in reviewing these cases may be summarized 
as follows: (1) Incidence of neurological complications in the various fevers. (2) 
Comparative distribution of clinical syndromes in each disease. (3) Clinical 
features and their prognostic significance. (4) Comparative study of immediate 
and long-term prognosis ; sequelae. (5) Frequency and significance of changes in 
the spinal fluid. (6) Relation of recorded histopathological changes to the type 
and duration of disease. The close pathological and clinical similarities generally 
considered to exist between the neurological illnesses which follow measles, 
chicken-pox, and rubella has led us to consider these three diseases together in 
the first part of the paper. The second part presents the neurological complica- 
tions of the other diseases concerned, in each of which some complicating factor 
is present. 


MEASLES 


The literature dealing with neurological complications in measles is more ex- 
tensive than that in relation to any other infectious disease. Such complications 
appear to have first been described by Lucas in 1790 (246),? and a classical re- 
view of the subject was written by Ford in 1928 (147). The material analysed in 
the present paper is drawn from a survey of the literature from 1929 to 1953. 
Reports are available on 332 individual cases, the sources of which are indicated 
in the bibliography by the prefix M, and on 579 cases described in series (11, 14, 
27, 37, 153, 156, 166, 182, 195, 196, 203, 234, 239, 325, 346, 355, 360, 374, 377). 
In addition, follow-up studies of 21 patients surviving the illness are reported by 
Smith and Trapp (369). 

Incidence. The most important neurological complication of measles is en- 
cephalitis, and its incidence is usually stated to be in the region of 0-1 per cent. 
Accurate assessment of the incidence of neurological complications in an exan- 
them presents great difficulties, and it is unlikely that any figure can be more 
than an approximation. In some epidemics no neurological complications have 
been encountered. Figures are available from 18 epidemics, mainly from the 
United States, but also from Australia, Greenland, and England and Wales 


* Numbers in parentheses refer to the bibliography on page 497. 
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(88, 89, 99, 100, 156, 195, 196, 234, 239, 310, 346, 355, 360). The figures given by 
Conybeare (99, 100) for the incidence in England and Wales in 1951 and 1952 
(0-004 per cent. and 0-005 per cent. respectively) are almost certainly too low. 
They depend on nation-wide notification of the exanthem and of measles en- 
cephalitis. It is certain that a higher proportion of patients with measles are 
recognized and notified than is the case with the more problematical encephalitis. 
At the other extreme, the figure given by Christensen, Schmidt, Bang, Andersen, 
Jordal, and Jensen (89) for the 1951 epidemic in south-west Greenland (0-36 per 
cent.) is the highest ever recorded, and is atypical in the fact that the terrain 
represented ‘virgin soil’ for measles infection. The 15 other figures recorded are 
based on series of encephalitic cases varying in number from two to 60. The 
incidence reported varies from 0-03 per cent. to 0-2 per cent. The average figure 
for these 15 series is about 0-09 per cent., or rather less than one in a thousand, 
and in a considerable number of these reported series the incidence is close to this 
figure. 

Latent period. Data concerning the latent period in encephalitis are available 
in 616 cases. In 15 of these the neurological symptoms appeared before the 
exanthem, and in one of these cases they antedated it by 10 days. The remain- 
ing 601 cases occurred at intervals from nil to 24 days after the appearance of 
the rash. The average latent period in cases of encephalitis in this group was 
4-7 days. Two hundred and forty-eight cases (40 per cent.) occurred on the third 
and fourth days. Seventy-five per cent. occurred during the second to sixth 
days inclusive, and just over 86 per cent. began during the first week of the 
exanthem. Similar data regarding myelitis are available in 22 cases. The onset 
of these myelitic illnesses occurred between the second and 14th days after the 
appearance of the rash, with an average latent period of 5-5 days. Data regard- 
ing polyradiculitis are available in nine cases and, although four of these began 
on the fourth and fifth days, the average latent period in this small series ap- 
pears to-be appreciably longer than in the case of encephalitis or myelitis, being 
nine days. 

Distribution of syndromes. In the total series of 911 cases reviewed there were 
877 of encephalitis, 24 of myelitis, and 10 of polyradiculitis. The figure for 
encephalitis includes 620 examples in which the clinical features were described 
in sufficient detail to merit analysis. 


Encephalitis 

Although more than 900 cases of neurological illness following measles are re- 
corded in the available literature, the value of these case reports varies greatly. 
As already stated, they may be divided into two main groups—detailed reports 
of a single case or a few cases, and large series. Generally speaking the former 
group are of greater value for clinical analysis, because the records are usually 
more complete. This group, however, is loaded in the matter of mortality by the 
inclusion of fatal cases reported for their pathological interest, and it appears 
probable that a more accurate estimate of mortality might be obtained from 
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a consideration of the cases reported in consecutive series. Where a distinction 
between these two groups of cases is drawn in the present paper, the individual 
detailed cases are referred to as ‘D’ cases, and those drawn from reports of large 
series as ‘S’ cases. In the analysis of clinical features it will be found that the 
total number of cases analysed under each heading varies considerably; in 
papers reporting some of the larger series, certain clinical features but not others 


TaBLe I 
Measles Encephalitis: Age and Sex Incidence in 
353 Adequately Reported Cases 
Age Male Female 
(years) patients (Deaths) patients (Deaths) Total (Deaths) 

0-2 24 (9) 26 (7) 50 (16) 
3-5 44 (9) 47 (16) 91 (25) 
6-10 89 (18) 62 (13) 151 (31) 
11-15 11 (1) 12 (1) 23 (2) 
16-20 10 (1) s (6) 18 (7) 
21 and over 15 (2) 5 (3) 20 (5) 
Total 193 (40) 160 (46) 353 (86) 


TaBLeE II 
Age Incidence of Measles and Measles Encephalitis expressed in Percentages 
Male patients Female patients 
Measles Measles Measles Measles 
(England and encephalitis (England and encephalitis 
Age Wales, 500,000 (220 recorded Wales, 482,000 (169 recorded 
(years) cases) cases) cases) cases) 
0-1 3-3 0-9 3-6 3-1 
1-2 22-4 10-4 22-2 11-9 
3-4 32-2 10-9 31-2 16-0 
5-9 39-0 50-6 39-0 49-8 
10-14 21 11-3 2-3 10-0 
15-25 0-7 13-6 0-9 7-4 
25+ 0:3 2-3 0-8 1-8 


may be tabulated. Our sole criterion in each instance has been the inclusion 
of case material which we consider to be free from doubt. 

Age and sex incidence. Data are available of sex in 552 cases, 276 in male 
patients (58 deaths) and 276 in female patients (92 deaths). This series yields a 
total mortality of 27 per cent., with 21 per cent. for the male and 33 per cent. for 
the female patients. Data with regard to age, sex, and mortality are available in 
353 of these cases in which full clinical records are available, and these are 
presented in Table I. Of these 353 cases, 242 (68-5 per cent.) occurred between 
the ages of three and 10 years, and 127 (36 per cent.) between the ages of five 
and seven inclusive. Fifty patients (14 per cent.) were two years of age or under, 
38 (10-8 per cent.) over 16, and 28 (8 per cent.) over 20 years. Of these 28 adult 
patients 20 were male (three deaths) and eight female (five deaths). The age 
incidence of measles encephalitis is compared with the age incidence of the 
exanthem in Table II. The figures are not strictly comparable: those for the 
age incidence of measles are drawn from the Registrar General’s figure for 
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England and Wales (1950 and 1951) and are based on 500,000 cases in male and 
482,000 in female patients. Those for encephalitis are based on 220 cases in 
male and 169 in female patients drawn from the world literature. Nevertheless 
_the observation that less than 4 per cent. of cases of measles in England and 

Wales occur after the first decade, as contrasted with rather more than 23 per 
cent. of recorded cases of measles encephalitis, and the observation that more 
than 57 per cent. of cases of measles, as compared with less than 27 per cent. of 
cases of encephalitis, occur below the age of five years, is in keeping with general 
clinical experience. The mortality for the whole group of 353 cases was 24-3 per 
cent. Of the 38 patients over 16 years of age 12 died (31-6 per cent.). Forty-six 
of 160 female patients died (28-25 per cent.), compared with 40 of the 193 
male patients (20-7 per cent.). 

Neither in the case of measles encephalitis nor with the rarer neurological 
complications is there any positive correlation between the severity of the 
exanthem and the incidence of nervous illness. In this connexion it is of interest 
that measles encephalitis has several times been reported after the mild illness 
which follows attenuating doses of gamma-globulin (293, 337, 370). There is, 
however, no convincing evidence that neurological complications arise more 
frequently in patients with a limited rash. 

Clinical features. Data are available from two groups—298 ‘D’ and 332 ‘S’ 
cases. The latter cases are drawn from series reported in sufficient detail (11, 14, 
27, 37, 153, 156, 166, 182, 234, 239, 325). On the whole a figure for the incidence 
of a particular clinical feature obtained by analysis of the group of ‘D’ cases is 
probably a more accurate figure than one drawn from series. Even in the in- 
stance, however, of individual case reports, most of the figures given are prob- 
ably too low. It is probable that they are more accurate in describing the 
frequency of major clinical features of well-established encephalitis than in 
enumerating minor and premonitory symptoms. An example of this is in the 
case of headache, which is recorded in only 66 of the 298 ‘D’ cases, while in the 
same group 163 patients are reported as showing meningism, of which headache 
is clearly an integral feature. 

The onset of measles encephalitis was variable. The two commonest modes 
were the abrupt development of convulsions followed by coma, and the gradual 
onset with a slow lapse into stupor. Headache, vomiting, and signs of meningeal 
irritation frequently preceded impairment of consciousness, but a considerable 
number of cases began with disturbance of behaviour, restlessness and irrit- 
ability passing into delirium and thence to stupor or coma. Headache was 
almost invariably an early feature and, although it was recorded in only 66 of 
the 298 ‘D’ cases (22 per cent.) and 39 of the 332 ‘S’ cases (12 per cent.), it is 
undoubtedly more frequent than these figures would suggest. It was fairly often 
reported as relieved by lumbar puncture. Meningism was reported in 163 ‘D’ 
cases (55 per cent.) and 159 ‘S’ cases (48-5 per cent.). In a few instances mening- 
ism was the main feature, and such cases were clinically similar to benign 
lymphocytic meningitis, except for the fact that they showed only a relatively 
slight pleocytosis. A number of these cases were reported as instances of ‘measles 
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meningitis’. When vomiting occurred it was usually an early symptom, and it 
was reported in 62 ‘D’ cases (21 per cent.) and 44 ‘S’ cases (13 per cent.). 

Drowsiness was almost invariable, even in the mildest cases characterized 
otherwise only by meningism. Stupor without subsequent coma was present in 
86 ‘D’ and 65 ‘S’ cases (29 per cent. and 20 per cent. respectively). Coma was 
present in 136 ‘D’ patients (45 per cent.), of whom 81 also had fits. Fifty-two of 
these patients (in 31 of whom convulsions were also present) died. This yields a 
mortality-rate of 38 per cent. for patients who became comatose, compared with 
14 per cent. in the remaining 162 ‘D’ cases without coma. Coma was also 
described in 122 (37 per cent.) ‘S’ cases. Symptoms of a toxic psychosis were 
present in 100 ‘D’ cases ; in 30 of these such symptoms occurred in the absence 
of stupor or coma. A similar syndrome was mentioned in only 35 ‘S’ cases, in all 
of which, apparently, there was severe delirium. 

Convulsions occurred in 299 of the total number of 630 cases (47 per cent.). 
The incidence of convulsions in the ‘S’ group (161 cases) was 48-5 per cent.: no 
details are available of the variety of the types of attack in these patients, ex- 
cept that 39 are reported to have had myoclonus. More details are available of 
the convulsions in the 138 cases in the ‘D’ group. The incidence in this group 
was 45 per cent., and 43 of these patients died. The mortality among patients 
with convulsions was therefore 31 per cent., as opposed to 19 per cent. in the 160 
other ‘D’ cases. The relation of the type of fit to prognosis is shown by the fact 
that of 116 cases with generalized convulsions 38 proved fatal, and of 22 patients 
with focal or myoclonic fits five died. Most cases of measles encephalitis were 
febrile, and fever was often very high, especially in the terminal stages of fatal 
cases. In uncomplicated cases of recovery the temperature usually fell to normal 
after the first few days. Occasional cases ran an afebrile course. Except for 
terminal hyperpyrexia, fever was of no prognostic significance. 

Ataxia was recorded in 29 ‘D’ cases (10 per cent.), and three of these patients 
died. Ataxia was a transient feature of a multifocal encephalitic illness in 14 
patients, and was the main feature of a similar illness in 10; in four it was pre- 
ceded or accompanied by other minimal encephalitic signs. There was one 
example of a pure cerebellar ataxia which was unilateral. Ataxia was mentioned 
in only one ‘S’ case, and no cases of sensory ataxia are recorded in either group. 
Nystagmus was seen in 32 ‘D’ patients (of whom 11 were ataxic) and 24 ‘S’ 
patients. Diplopia was reported in eight ‘D’ and three ‘S’ cases. Dysarthria 
was present in 17 ‘D’ cases (five were ataxic), and only four ‘S’ cases. Dysphasia 
was seen in 14 ‘D’ cases, but in only six of the ‘S’ series. Mutism was reported in 
31‘D’ cases. Twelve of these patients had been comatose, and 12 in deep stupor. 
All these cases of mutism arose during the prolonged phase of recovery often 
encountered after severe illness. 

With regard to paralysis, it was found that in the ‘D’ group there were 36 
cases of hemiplegia (12 per cent.), with eight deaths. In 19 instances this was an 
incident in a multifocal encephalitis. Eleven of these hemiplegias were transient, 
two were persistent, and six were followed by a fatal outcome. In seven cases 
the hemiplegia was the main feature of an illness with some other encephalitic 
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feature, being transient in one and persistent in four cases ; two patients with this 
type of illness died. In 10 instances sudden hemiplegia occurred in the absence 
of encephalitic symptoms ; it was persistent in eight cases, and transient in two. 
There were no fatalities in this group of sudden hemiplegias ; in two persistent 
cases the patients later developed tetraplegia. The absence of any fatalities in 
the third group of hemiplegic cases, closely simulating vascular accidents, leaves 
open the question whether the hemiplegia had in fact some such origin, or was 
focal evidence of a generalized perivenous inflammatory lesion in these cases 
also. Hemiplegia was reported only six times among the ‘S’ cases, giving a much 
lower incidence of 1-8 per cent. Tetraplegia was seen in 25 ‘D’ cases (8-5 per 
cent.) ; in two it followed an initial paraplegia, and in two a hemiplegia. Of these 
25 patients eight made an apparently complete recovery, seven died, five showed 
psychological sequelae, four showed minor residual neurological signs, and in 
one case tetraparesis persisted. Paraplegia was present in 24 ‘D’ cases of en- 
cephalitis (8 per cent.). One patient had an associated weakness of one arm. Of 
these 24 patients two died, and only six were left with persistent weakness of the 
legs. Rather surprisingly the ‘S’ series shows a higher incidence of paraplegia 
(32 cases ; 10 per cent.). Monoplegia was described in five ‘D’ cases. In three it 
involved the arm, in one the leg, and in one there was a supranuclear lesion in- 
volving the face. In one further case paralysis of one lower limb was associated 
with a contralateral hemiplegia, and in one a brachial monoplegia was seen with 
paralysis of both legs. 

Data with regard to disturbance of muscle-tone are clearly incomplete, and 
have relative value only. In the ‘D’ group tone is described as increased in 71, 
decreased in 39, and variable in 22 cases. Data regarding the reflexes are similarly 
incomplete. Reflexes were rarely normal, and were involved symmetrically in all 
but 15 per cent. of cases in which details are available. They were increased and 
decreased respectively in about 50 per cent. of the remainder. The abdominal 
reflexes were recorded as absent in 30 per cent. of the whole series. The plantar 
responses were described in 160 ‘D’ cases. In 78 of these patients bilateral ex- 
tensor responses were present (these included eight hemiplegic cases) ; in 36 there 
was a unilateral extensor response (20 of these showed frank hemiplegia) ; and in 
46 the responses were flexor. One or both plantar responses were therefore 
extensor in 71 per cent. of the patients in whom these findings are recorded. 
Retention of urine was present in 43 ‘D’ cases (14 per cent.), and incontinence in 
39 (13 per cent.). In only three of these cases, however, did incontinence occur 
in the absence of stupor or coma. Sensory loss was described in only six ‘D’ 
cases, two of which showed general hypoaesthesia, two a transverse level of 
sensory loss indicating a coincident cord lesion, one hemianaesthesia, and one 
distal sensory loss in the limbs. Impairment of sensation was described in seven 
‘S’ cases, three of which showed a level of sensory loss. 

Visual impairment was present in 12 ‘D’ cases, in all of which it was binocular. 
In at least nine cases it was due to optic neuritis, but only two of these patients 
showed permanent and severe visual deficit. Papilloedema without loss of 
vision was present in 11 ‘D’ cases. Pupillary abnormalities were present in 15 
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‘D’ cases (anisocoria in 13, unilateral loss of light reflexes in two). Figures for 
ophthalmoplegia are available only for the ‘D’ group. They total 22 cases (7 per 
cent.). Lateral rectus palsy was present in eight, and was bilateral in four cases. 
Third-nerve paralysis was seen in two, total in one, and partial in the other. 
Medial rectus palsy was seen in three cases. Paralysis of upward gaze was present 
in one patient ; eight had ptosis, and 10 had strabismus, divergent in eight cases 
and convergent in two. Facial paralysis occurred in nine ‘D’ and 14 ‘S’ cases, 
but it is not clear whether it was invariably peripheral in type. Trigeminal 
paralysis was seen in one case. Signs of bulbar involvement, including diffi- 
culty in swallowing and unexplained cyanosis, were seen in 40 ‘D’ patients, 
of whom 12 died, and in 56 ‘8S’ patients ; these figures do not include instances 
of hyperpyrexia recorded in the presence of bronchopneumonia or similar 
complications. 

Involuntary movements were seen in 55 ‘D’ patients (18-5 per cent.), of whom 
16 died. Nineteen patients in this group also had generalized convulsions, and 
among these there were nine deaths. In 20 a generalized tremor was present, 
which was Parkinsonian in two cases. Fourteen patients showed generalized 
purposeless movements, eight athetosis, seven chorea, and three intention 
tremor. Catatonia, torticollis, and stereotyped movements were described in 
single cases. Involuntary movements were mentioned in only 20 ‘S’ cases, and 
here again the distribution was broadly similar, comprising 15 cases of generalized 
tremor, four of choreiform and one of athetoid movements. 

Muscle wasting was recorded in only five patients, apart from those who had 
persisting hemiplegia. Wasting of one leg occurred in two cases after paraplegia, 
and in two after tetraplegia. In one case generalized muscular wasting in the 
limbs remained after a tetraplegic illness. 

Optic neuritis in the absence of encephalitis has been reported from time to 
time after measles, for example by Russo (342) and Meurer (268). Neuritis of 
isolated somatic nerves undoubtedly occurs after measles, and is frequently 
mentioned in the textbooks. The only example we have encountered among 
recorded cases was one of unilateral serratus anterior paralysis (252). Cases 
described by Dufourt (122), Padovani (299), and Portillo, Mantero, Pizzolanti, 
and Ormaechea (318) fall into the category of encephalomyeloradiculoneuritis, 
in that there was clear evidence of nerve-root involvement appearing rather late 
in the course of undoubtedly encephalomyelitic illnesses. 

No unequivocal instance of relapse or recurrence of measles encephalomyelitis 
appears to have been reported. This is in contrast with the not-infrequent occur- 
rence of relapse in acute disseminated encephalomyelitis following banal infec- 
tions ; relapse and recurrence are very rare, if indeed they ever occur, in other 
instances in which acute disseminated encephalitis follows a single identifiable 
and specific insult to the nervous system, such as Jennerian vaccination (273) or 
other prophylactic inoculation (275). 

Claims to have isolated the measles virus from cases of measles encephalitis, 
by inoculation into monkeys, have been made twice. Shaffer, Rake, and Hodes 
(359) isolated the virus from the brain of a patient who died, and Lopez Fer- 
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nandez, Perez Sora, and Ramirez Corria (242).from the spinal fluid of a patient 
who recovered. 

Information is available as to the duration of fatal illnesses in 103 cases. 
Seventy-two patients succumbed during the first three days, and 94 during the 
first week, bearing out the aphorism that the prognosis as regards life is generally 
good if the patient survives the first week. Two patients who died after illnesses 
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Spinal-Fluid Findings in 466 Cases of Measles Encephalitis 
‘D’ cases only 
A ‘D’+'‘S’ cases 
Cells Cases with Fatal 
per c.mm. Total meningism cases Total Fatal 

0-5 55 32 9 81 21 
6-10 30 20 10 50 14 
11-20 18 10 + 52 7 
21-30 14 9 2 30 4 
31-50 25 13 ll 59 19 
51-100 28 17 6 78 10 
101-150 15 9 3 44 9 
151-200 12 7 3 19 5 
201-300 6 5 1 16 2 
301-400 3 3 0 10 4 
401-500 3 2 Bez 8 3 
501-600 2 2 7 
601-700 1 1 2 1 
701-800 2 2 2 
1,000-1,500 2 2 2 6 2 
Total 216 134 52 466 101 


of seven weeks and eight months respectively are of unusual interest, in that it 
appears from the case records that the neurological illness was still progressing 
after these long intervals. The duration of disability in patients who recovered is 
known in 141 of the ‘D’ cases, in which either complete recovery or only minor 
non-disabling sequelae occurred. The duration of the acute phase of encephalitic 
illness is difficult to measure accurately. In all but the briefest cases it was con- 
siderably shorter than the total period of disability recorded. In 31 patients 
disability lasted only one week, and a further 29 had recovered by the end of the 
second week. One hundred and twenty-one patients had no disability by the 
end of six weeks, and the longest period of disability recorded was three months 
(three cases). 

Changes in the spinal fluid. The usual finding in the spinal fluid in cases of 
measles encephalitis was a variable pleocytosis of moderate degree. Lympho- 
cytes predominated, and were often the only cells seen, but, especially during the 
first few days, an appreciable proportion of polymorphonuclear leucocytes may 
be present. The cell count reached its highest level during the first few days, and 
then rapidly declined. The protein level did not vary directly with the cell 
count, and usually tended to decline much more slowly. A protein level of over 
100 mg. per 100 ml. was unusual at any stage. Findings in the spinal fluid in 466 
cases of which records are available are set out in Table III. In instances in 
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which several cell counts are recorded, the highest figure obtained is entered in 
the Table. It will be seen that the spinal-fluid changes are of no prognostic 
value, and, more surprisingly, that they bear little relation to the presence of 
signs of meningeal irritation. Ojala (295) claimed to find pleocytosis (usually 
from five to 50 cells per c.mm.) in 30 per cent. of 123 cases of uncomplicated 
measles. The cell counts were highest between the fifth and 10th days after the 
rash. In one case the fluid was turbid (785 cells per c.mm.) in the complete 
absence of neurological signs or symptoms. In all these cases the cells were 
lymphocytes. These observations have not yet been confirmed. Odessky, Bedo, 
Rosenblatt, Jennings, Sands, Weisler, and Newman (294) reported an unusually 
high inorganic-phosphorus content in the spinal fluid in measles encephalitis, 
and related this change to myelin destruction. The figure was above normal 
(2 mg. per 100 ml.) in eight out of 12 cases, and at the extreme upper level of 
normal in two further instances. Most of these patients had low serum- 
phosphorus levels (2-1 to 3-5 mg. per 100 ml.). Three patients also had an ab- 
normally high level of cholesterol in the spinal fluid, while a reduced level of 
magnesium was encountered in both serum and spinal fluid. 

Electroencephalographic studies in measles encephalitis have not revealed 
any distinctive pattern (190, 203, 260, 377). In the severer cases diffuse high- 
voltage slow activity is seen, as in many other forms of diffuse cerebral dis- 
turbance. The electroencephalogram is of no prognostic value in the acute 
phase, but a persistently abnormal record after clinical recovery suggests that 
psychological sequelae, due to widespread brain damage, are likely to occur. 

Prognosis. The mortality of measles encephalitis varies from series to series. 
Thus in Chicago it was 10 out of 32 cases in 1938, and three out of 20 in 1946 
(195, 196). The death-rates in the largest series were seven out of 74 (11), 22 out 
of 77 (153), 11 out of 44 (182), five out of 48 (203), eight out of 56 (239), and 16 
out of 50 (346). It seems that the mortality recorded is as variable as the symp- 
tomatology. The total mortality of 27 per cent. has already been described in 
552 cases analysed from the point of view of age and sex incidence. If the analy- 
sis is limited to the 298 ‘D’ cases, there were 74 deaths, giving a mortality of 25 
per cent. This is considerably higher than the figure of 10 per cent. obtained by 
Ford (147) from cases reviewed in 1928, and it may well be raised by the inclu- 
sion of a number of fatal cases reported mainly for their histopathological 
interest. It is probable that a more accurate figure is obtained by limiting the 
analysis to the total number of cases reported in series. There are 579 such 
cases, with 128 deaths (22-1 per cent.). It is likely that a considerable number 
of these patients succumbed to non-neurological complications such as pulmon- 
ary infections, and if the analysis is limited to series collected since antibiotics 
became freely available after 1946, we find 98 cases and 15 deaths, a mortality 
of 15-3 per cent. (196, 346, 355, 360, 377). 

The immediate prognosis for survivors varies from series to series. Full 
recovery on discharge was reported in 42 out of 67 survivors by Appelbaum, 
Dolgopol, and Dolgin (11), two out of 17 by Bauza and de Castro (27), six out of 
seven by Gotti (166), 18 out of 43 by Hamilton and Hanna (182), and 17 out of 
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22 and 16 out of 17 by Hoyne and Slotkowski (196). In many cases more atten- 
tion seems to be paid to ‘neurological’ recovery, and the psychological outcome 
is not always clear. If these figures are added, it will be seen that about 58 per 
cent. of survivors had fully recovered on discharge from hospital. 

Of the 224 survivors in the ‘D’ group, the 17 patients of Roos (334) and the 
16 of Meyer and Byers (270) were systematically followed up. Of the remaining 
191 patients information as to the condition on discharge from hospital, and in 
many cases for a few months afterwards, is available as regards 178. Of these, 
117 patients were said to have recovered fully ; sequelae were present in 61 (34 
per cent.). Major neurological sequelae were seen in 19, of whom eight had had 
convulsions and seven coma. Minor neurological sequelae were seen in 17, of 
whom three had a history of convulsions and two of coma. Major intellectual 
defect, with or without neurological sequelae, was present in 17, and major 
behaviour disorders in three further cases. Of these 20 cases of severe psy- 
chological sequelae 13 had a history of convulsions and 13 of coma. Minor 
psychological sequelae were reported in five further cases. The neurological 
sequelae encountered included hemiparesis (14 cases), paraparesis (six), visual 
impairment (five), local muscular weakness (three), precocious puberty (three), 
ataxia (three), epilepsy (two), facial paresis (two), dysarthria (two), and single 
instances of tremor, bladder disorder, deafness, tetraparesis, aphasia, Parkin- 
sonism, combined cerebellar and pyramidal signs, and macrogenitosomia prae- 
cox. Many neurological sequelae improved or cleared up in time, but in some 
cases they were replaced by signs of psychological deficit. Many patients who 
recovered fully showed transient psychological disturbances during the first 
weeks or months after leaving hospital. 

There are reports in the ‘S’ group of follow-up for a number of years (two to 
10) of 203 survivors, of whom 116 (57 per cent.) showed sequelae of some kind. 
This figure is appreciably higher than that based on unselected ‘D’ cases, in 
which the follow-up was of course less deliberate and organized. The figure of 57 
per cent. may, however, be too high, as any incomplete follow-up is less likely 
to trace a patient who has fully recovered. On the other hand it is possible 
that severely disabled patients are occasionally omitted because they have died. 

Details are available of 65 patients, of whom eight showed major and three 
showed minor neurological sequelae, 21 major and 27 minor psychiatric sequelae, 
and four a combination of major neurological and psychiatric sequelae. Roos 
followed up 17 survivors in Stockholm (334). Two of these patients were un- 
traced. Of nine patients followed up for periods of between five and 10 years, 
eight were normal (two of these had shown brief behaviour disorders), and one 
was still described as suffering from © ight nervousness’. The remaining six 
cases were followed for periods of less | 1 one year; one of these patients had 
paralysis of conjugate upward deviat‘ .. of the eyes, one had paraparesis with 
slight intelectual defect, and four wer: normal. Smith and Trapp (369) and 
Meyer and Byers (270) carried out fui ‘ollow-up investigations with special 
reference to psychiatric sequelae. Their series comprised 38 patients in all, of 
whom 14 had major psychological sequelae (eight with some neurological signs), 
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eight had minor psychological sequelae (two with some neurological signs), 
and 16 were normal. Of these patients, therefore, 22 (58 per cent.) showed residual 
disability. Meyer and Byers’s paper is a very valuable contribution to this sub- 
ject. These authors have pointed out that astonishingly few neurological signs 
remain. Myelitic and hemiplegic syndromes are most likely to persist. Patients 
with short acute illnesses usually recover best. Some children show immediate 
psychological defect, which gradually improves. Others appear quite normal on 
discharge from hospital, but their further development is retarded, and their 
intelligence quotient may gradually fall during the ensuing years. In all cases 
the environment is of first importance. Recent investigations have shown that 
the intelligence quotient is a far from static quantity, and the impact of an un- 
yielding environment on the brain-damaged child may produce severe behaviour 
disorders. 

Prognosis in relation to age, coma and convulsions. An attempt was made, 
based on data for 288 ‘D’ cases, to discover whether the age of the patient had 
any effect on prognosis, as regards both life and sequelae. The figures for the 
older age-groups are small but, like those for the larger series given in Table I, 
they suggest that the mortality may possibly be higher over the age of 16 years. 
There were 12 deaths among 37 patients above this age, compared with a 
mortality of 23-5 per cent. in the 251 patients under the age of 16. Sequelae are 
recorded in a higher proportion of the younger patients (32 per cent. of those 
under 16) than in the 37 older patients, of whom only six showed any residual 
disability. Again the figures are small, but it appears that there is, for example, 
no recorded instance of significant permanent intellectual defect following 
measles encephalitis in an adult patient. The unfavourable influence of a history 
of convulsions and coma on prognosis has already been mentioned in the section 
dealing with the clinical features of measles encephalitis. The mortality in 138 
‘D’ patients who had convulsions was 31 per cent., and in 136 ‘D’ patients who 
became comatose 38 per cent. From an analysis of 119 ‘D’ cases in which the 
duration of coma could be assessed, it is impossible to trace any distinctive effect 
of the duration of coma on the development of serious sequelae. In relation to 
mortality, the findings do no more than emphasize the point already made in the 
presentation of figures relating to the duration of fatal illness. In other words, 
survival after the first week of coma is a favourable prognostic feature, while a 
high proportion of patients die in coma during the first 48 hours of illness. A 
similar analysis of sequelae in relation to a history of convulsions in the acute 
illness yielded no useful information. 


Pathology of Measles Encephalitis 

The classical histopathological changes of measles encephalitis are generally 
agreed to be those of a ‘perivenous encephalitis’, characterized by cellular in- 
filtration and demyelination of perivascular, and predominantly perivenous, dis- 
tribution. Detailed accounts of these changes are already available, and have 
been recently presented by Appelbaum, Dolgopol, and Dolgin (11), Lhermitte 
(235), and Adams and Kubik (1). The temporal relation of histopathological 
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changes to the duration of the clinical syndrome has been considered by the 
above authors, and also by Malamud (253, 254) and Pette (311). The anatomical 
localization of lesions in the nervous system has been discussed by Finley (144). 
The relation of the pathological changes to duration of symptoms has been dis- 
cussed at some length by Appelbaum, Dolgopol, and Dolgin (11). Infiltration of 
the walls of small veins in both grey and white matter, by lymphocytes and 
occasional polymorphonuclear leucocytes, was encountered in the earliest cases. 
Demyelination was seen only in patients who died after an illness of at least 
three days, while fat-containing microglia was a still later change. Changes in 
the nerve-cells (acute ‘Nissl’ disease or anoxic changes) were seen in every case, 
but varied greatly in severity. 

In the following section the histopathological changes which have been 
adequately reported are considered in relation to the duration of clinical symp- 
toms before death. The purpose of this mode of presentation is to see how far 
the changes vary with duration of the illness, and in particular how far they 
support the view, originally put forward by Brain and Hunter (62), that the 
various appearances encountered in acute disseminated encephalomyelitis 
represent stages in a single pathological process, beginning with congestion, 
oedema, and sometimes haemorrhage, and progressing to the stage of perivascu- 
lar infiltration and the classical appearance of similarly distributed demyelina- 
tion. Two considerations render such a method of presentation unlikely to 
yield absolutely clear-cut results. First, clinical and pathological changes do not 
always show a direct quantitative relation : death from encephalitis can occur in 
the absence of pathological changes identifiable post mortem. Although we have 
not discovered any such cases in the literature of measles encephalitis, there is 
no doubt that patients can die in an acute illness, with clearly encephalitic 
features, 10 to 14 days after primary vaccination, and yet show no identifiable 
pathological changes on careful histological examination of the brain. It seems 
probable that such cases also occur after measles, and that they are less likely to 
be recorded in the literature than cases showing histopathological changes. It is 
equally certain that in other instances extensive pathological changes may be 
quite asymptomatic. This is particularly striking in some cases of encephalitis 
with hemiplegia, where very marked demyelination in the ipsilateral hemisphere 
may occur without any relevant clinical signs. Furthermore, although some cases 
of measles encephalitis have an explosive onset, it is not at all uncommon for 
frankly encephalitic symptoms to be preceded by a few days of general malaise 
with drowsiness and headache. In such cases the beginning of the illness re- 
corded in case notes may be some time later than the actual onset of symptoms 
due to brain disease, and the histopathological picture may be ‘older’ than the 
clinical history would suggest. 

Pathological reports are available regarding three patients who died within 12 
hours of the onset of encephalitic symptoms. That of Dungal (125) describes 
hyperaemia and mononuclear infiltration of the walls of small veins, with only 
occasional perivenous accumulation of cells resembling microglia. In the case 
described by Rubin (339), characterized clinically by severe convulsions, small 
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perivascular haemorrhages in the brain and medulla were the only findings; 
there was no perivenous infiltration, and no demyelination. In a case of ap- 
parently similar clinical duration, however, Malamud (253) described massive 
perivenous demyelination, with microglial infiltration and severe axon damage, 
in addition to oedema, congestion, and a moderate degree of damage to nerve- 
cells. Nine cases are on record in which the clinical illness lasted for less than 24 
hours. Benn (36) described oedema, distension of the perivenous spaces with 
serous fluid and occasionally blood, and a sparse mononuclear perivascular 
exudate. In a second case the same author recorded similar changes comprising 
perivascular oedema, haemorrhage, and a mononuclear cuffing with some 
damage to nerve-cells. Breuil, Buffet, and Geyer (64) recorded merely intense 
congestion of the brain, without other changes. Dagnelie and Dubois (107; 
Case 3) described congestive changes, with early perivascular proliferation of 
microglia and ‘anoxaemic’ changes in nerve-cells. Babonneix, Lhermitte, and 
Trelles (20), however, in a case of similar clinical duration, reported extensive 
perivascular proliferation of microglia and foci of early demyelination; and 
the four other cases on record all show a more classical picture of widespread 
perivenous demyelination, with cellular infiltration of similar distribution, and 
scattered perivascular haemorrhages (107, 192, 228). 

Ten cases are reported in which death occurred after illnesses of one to two 
days. In that described by Moller (278) there was perivenous infiltration by 
microglia, with round-cell and plasma-cell cuffing. The grey matter was entirely 
spared. Lemierre and Gabriel (230) described perivascular cell infiltration 
and occasional haemorrhages, with some extravascular glial nodules. Ferraro 
and Scheffer (141) described two cases in considerable detail as examples of 
‘toxic encephalopathy’. Although there was acute swelling of the endothelium 
of small vessels, and some perivascular fading of myelin sheaths, there was no 
perivascular infiltration, and changes in the nerve-cells were more striking than 
those usually reported. They were present in the cortex, basal ganglia, and 
brain-stem, and varied from acute swelling to complete disappearance with the 
production of acellular areas. In six cases of less than 48 hours’ duration the 
typical changes of perivascular infiltration and demyelination were described 
(133, 140, 169, 259, 402). The degree of axon-cylinder destruction varied from 
case to case. At this stage fat-containing phagocytes were seen in the neigh- 
bourhood of the affected veins. A fatal neurological illness of between two and 
three days’ duration has been studied at autopsy on four occasions. Scannell 
(347) found nothing more than a few small perivascular haemorrhages in the 
cerebral cortex, corpus striatum, and medulla. The minor changes found in 
nerve-cells were considered to be those encountered in any severe toxic illness. 
Larsen (219) reported adventitial and perivenous infiltration with mononuclear 
cells, widely distributed throughout the grey and white matter. Glial prolifera- 
tion was seen in the cortex, but there was no significant change in myelin, and 
no marked degree of nerve-cell damage. The early classical changes of perivenous 
encephalitis were reported in cases of similar duration described by Moore and 
McCordock (279) and Adams and Kubik (1). A similarly typical case of four 
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days’ duration was reported by Ferraro and Scheffer in 1931 (140). Five typical 
cases of between four and five days’ duration were recorded by Barnes, Blake, 
Hogarth, and Mitman (24), Ferraro and Scheffer (140), Shaffer, Rake, and 
Hodes (359), and Zimmerman and Yannet (416). In one of these cases (140) there 
was endarteritis in the hemispheres, and in another (359) there was actual 
necrosis of some small blood-vessels. In five cases death occurred after an ill-. 
ness of between seven and 10 days. Four of these cases were typical instances 
of perivenous encephalitis (1, 21, 140). In the case reported by Moller (278), 
however, perivenous haemorrhages, gliosis, and necrosis of white matter were 
associated with very slight perivascular demyelination, but with more marked 
neuronal disease in the cortex. 

Among later cases may be mentioned two of three weeks’ duration. Malamud 
(253) described typical perivenous foci of demyelination and axon destruction, 
containing many fat-laden gitter cells but few lymphocytes. There were 
numerous protoplasmic and a few fibrous glia cells at the periphery. Ischaemic 
degeneration of nerve-cells was marked. In the case described by Dagnelie and 
Dubois (107) the findings were similar, except that nerve-cell changes were much 
less striking. Sulzer (382) and Walthard (403) described the findings in patients 
who died after illnesses of between four and five weeks. Perivenous foci of 
demyelination were packed with fat-containing gitter cells, and microglial 
proliferation was seen especially in the cortex. In the second of these cases some 
foci of demyelination had become confluent and had formed wide bands of 
demyelinated tissue. A unique case has been recorded by Ziskind and Schat- 
tenberg (419). A neurological illness, following measles and clinically typical of 
acute disseminated encephalomyelitis, progressed for eight months before the 
patient died. Autopsy revealed oedema of the entire brain, with ventricular 
dilation. The vascular endothelium was swollen in many places, and there was 
scattered degeneration of many nerve-cells. Lymphocytes and plasma cells 
were scanty in the neighbourhood of affected vessels, but perivascular micro- 
gliosis was marked, and many microglial cells contained fat. There were many 
perivenous areas of demyelination, almost all of which were devoid of fat. The 
changes recorded by the authors referred to are summarized in Table IV. 

Records are available of the histopathological appearances in three cases in 
which the patient recovered and subsequently died of unassociated conditions. 
Van Bogaert (49) described the case of a girl who developed diphtheritic poly- 
neuritis at the age of six years, and measles encephalomyelitis two months later. 
Three years afterwards she developed acute disseminated encephalomyelitis, 
and died in 15 days. Autopsy revealed only a recent perivenous encephalitis, 
and there was no evidence of the preceding illness which followed measles. There 
seems no reason to doubt the author’s interpretation of the changes seen, with 
their implication that the anatomical changes associated with fully developed 
encephalitis may completely resolve. This case is also of interest in indicating 
what is known from other sources—that some degree of individual predisposi- 
tion to encephalitic episodes, or more widely to episodes of inflammatory 
neuraxitis, in response to a variety of toxic stimuli, may be of constitutional 
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origin. Malamud (254) examined patients who had died of other causes three- 
and-a-half and five years after undoubted attacks of measles encephalitis. Both 
cases showed perivascular foci of demyelination, many of which had fused, in 
one instance resulting in a large zone of demyelination. Many vessels were sur- 
rounded by pigment-laden gitter cells, but at this stage fat was not present. 
There were subependymal and perivascular glial scars, but no evidence of a pro- 


TaBLE IV 


Histopathological Findings in relation to Duration of Illness in 44 Cases of 
Measles Encephalitis 
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gressive glial reaction. The picture was quite distinct from that of the progres- 
sive, massive fibrous gliosis with which we are familiar in chronic disseminated 
sclerosis. 

Several authors have distinguished cases of encephalitic illness following 
measles in which vascular changes were outstandingly prominent. Such a dis- 
tinction was made, for example, by Méller (278), Ferraro and Scheffer (141), 
Ford (147), and Lhermitte (235). The first three of these authors described such 
cases as instances of toxic change in blood-vessels producing an encephalopathic 
picture, and Méller epitomized this view by describing the lesion as ‘toxic 
vascular encephalopathy’. Ford and Schaffer (151) mentioned such cases as 
occurring after a wide variety of toxic changes in childhood, and appeared to 
regard them as a non-specific finding, not directly associated with perivenous 
encephalitis. There can be no doubt that such vascular changes vary greatly in 
prominence from case to case. Nevertheless, as the above review shows, similar 
changes may occur in the initial phase of perivenous encephalitis, and have 
been reported by authors describing pathological material from cases of varying 
clinical duration. Similar vascular changes are also encountered in experimental 
allergic encephalitis produced by the injection of brain emulsion. The evidence 
that they represent a qualitatively different and specific form of tissue reaction 
is not entirely convincing, and their undoubted occurrence in a wide variety of 
toxic illnesses, as mentioned by Ford (149), could be interpreted as evidence that 
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a similar non-specific reaction, unassociated with clinical symptoms, is more 
frequent than a symptom-producing perivenous encephalitis. 

In summary, the analysis of recorded material suggests that the chronological 
pattern of measles encephalitis is in keeping with the hypotheses put forward 
by earlier workers. The initial change appears to be congestion, followed by 
infiltration of the walls, especially of the smaller veins, with mononuclear cells, 
and a little later by the development of perivenous oedema and occasional 
haemorrhages of similar distribution. In the course of a few days, when the 
disease progresses, perivenous infiltration with microglial and lymphocytic cells 
is seen, and demyelination follows in the same region. The removal of fat by 
scavenging phagocytes ensues, and leaves demyelinated areas, which may ap- 
pear confluent in the course of time. Nerve-cell changes are not always present, 
and may vary in prominence. Direct involvement of blood-vessels is frequent, 
and may vary from patchy infiltration of the vessel wall with lymphocytes to 
actual necrosis. At some stage these changes are completely reversible. In 
other instances demyelinated areas persist, without progressive extension or 
extending gliosis. 


Myelitis 
Reports of 24 cases of myelitis following measles are available (6, 19, 24, 59, 
104, 169, 174, 204, 214, 271, 278, 300, 302, 306, 308, 318, 336, 343, 350, 357, 389). 
Fourteen occurred between the ages of five and eight years ; 17 occurred in male 
and seven in female patients. The oldest patient was a man of 27 years. In 18 
cases there were signs of a transverse cord lesion, and in six there was an ascend- 
ing myelitis. The onset was usually acute, with backache, retention of urine, 
and progressively increasing weakness of the legs as early symptoms. In 20 
patients there was loss of deep reflexes, but in four the paralysis was spastic 
from the outset, with increased reflexes. The plantar responses were extensor or 
absent, and the abdominal responses absent. All the patients had paraplegia, 
and flaccidity was marked in 18. In six cases the process spread upwards to pro- 
duce tetraplegia, and there were bulbar signs in four cases. Bilateral optic 
neuritis occurred once. Retention of urine was reported in 19 patients, and 
urinary incontinence in four. Signs of meningeal irritation were present in 12 
cases. A level of sensory loss (usually in the lower thoracic or lumbar region) 
was described in 13 cases, while one patient had diffuse impairment of superficial 
sensation without a definite upper level. In every instance the lesion appeared 
to progress for a few days, after which recovery began at a variable rate. Severe 
disability usually cleared in three to six weeks, with extremes of 14 days and 
three years. The more rapid the recovery, the more complete was the ultimate 
restoration of function. Five of the 24 patients died after illnesses lasting from 
one to 17 days (one day, seven, nine, 10, and 17 days). Four died from bulbar 
involvement in the course of an ascending myelitis (including the patient with 
neuromyelitis optica described by Janbon, Bertrand, Cazaban, and Salvaing 
(204)), while the mode of death in the fifth case is not described. Twelve patients 
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recovered full function, although three still showed minimal signs of paraparesis. 
One of these three children became a champion sprinter at his school. Three 
patients had mild paraparesis, in one instance associated with muscular wasting. 
Two still had disabling spastic paraplegia three months and two years respec- 
tively after their acute illnesses. One patient was left with persisting muscular 
weakness in the quadriceps group, and in one case the outcome is uncertain. 

Early findings in the spinal fluid are described in 13 cases. Six patients had 
normal cell counts; the other seven had a moderate mononuclear plecytosis 
(10 to 70 cells per c.mm. in five cases, 120 to 200 per c.mm. in two). Spinal-fluid 
protein levels were normal or slightly raised, the highest early value being 90 
mg. per 100 ml. in the patient with neuromyelitis optica. The highest level 
recorded was in Rydeen and Glaser’s fatal case (343), in which spinal fluid on 
the 12th day of the illness showed 200 mg. of protein per 100 ml. and 17 cells 
per c.mm. 

There are two pathological reports on myelitis following measles, both rather 
unsatisfactory. In the case of neuromyelitis optica reported by Janbon, Bert- 
rand, Cazaban, and Salvaing (204) the brain appeared normal at autopsy, while 
the spinal cord was soft throughout its length and appeared necrotic and lique- 
fied on section. Haematin and eosin sections showed no abnormality but, owing 
to an error in fixation, studies with special stains could not be carried out. In 
the case described by Rydeen and Glaser (343) there was chromatolysis of 
nerve-cells in the anterior and posterior horns, which was greatest in the cervical 
and lumbar enlargements, and in the Purkinje cells of the cerebellum and some 
pyramidal cells of the motor cortex. There was mild glial proliferation and 
perivascular lymphocytic infiltration in the cord. No demyelination was seen, 
but there were many fat-containing phagocytes about the blood-vessels of the 
cord. This latter finding was interpreted as evidence of early demyelination. 
Since the patient died after an illness of 17 days, this interpretation appears 
questionable, and indeed the history of the case is equally compatible with the 
diagnosis of polyradiculitis with cerebral involvement; there is no mention of 
examination of the nerve roots. 

It may be noted that at least five further cases of myelitis are included among 
cases reported in the large series, but no details are given (11, 203). Neuromyelitis 
optica was fully reported by Janbon, Bertrand, Cazaban, and Salvaing (204), 
and has also been seen by Brain (61). Electroencephalographic studies of 
patients who had measles myelitis showed no evidence of cerebral involvement 
(203). Paine and Byers (300) suggested that many cases of so-called post- 
infectious myelitis are due to thrombosis of a segment of the anterior spinal 
artery, with involvement of at least two central-sulcus arteries, possibly on the 
basis of ‘hyperergic’ arteritis. Such thrombosis is known to produce a clinical 
picture of myelitis. This view is supported by the frequent escape, in these cases, 
of posterior-column sensation, these columns being supplied by branches from 
the posterior spinal arteries. Sensory loss was of this dissociated type in all but 
one of the cases reported by Paine and Byers in which adequate information 
was available. 
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Polyradiculitis 

Adequate clinical data are available in ten cases of polyradiculitis following 
measles (58, 110, 175, 232, 241, 282, 318, 335, 368, 397). The age incidence 
ranged from five to 21 years, and eight of the 10 patients were male. The illness 
was usually heralded by painful paraesthesiae in the limbs and progressive 
weakness of the legs. All the patients developed paraplegia, and in eight the 
process ascended to produce tetraplegia with weakness of the trunk. No less 
than nine patients developed bulbar symptoms such as dysphagia or dysarthria. 
Four had opthalmoplegia: two had external rectus palsy, one had complete 
bilateral external opthalmoplegia, and one ptosis only. Seven patients had facial 
paralysis, which was bilateral in five instances. In one patient the cranial nerves 
were first involved, the legs being affected later. In another case a brief en- 
cephalitic illness preceded the development of polyneuritic signs (318). Five 
patients developed dyspnoea as a result of intercostal or diaphragmatic paraly- 
sis. Flaccidity and loss of deep reflexes were constant. The distribution of limb 
weakness was clearly stated in only two cases. In one it was proximal, and in 
the other generalized. Muscle pain was noted in every case, but sensory loss was 
described in only four. Four patients had bladder symptoms: three were in- 
continent, and one developed transient retention. Papilloedema was present in 
one patient. Ia at least five cases there was no fever. Meningeal irritation was 
seen in three instances. The illness progressed for a period varying from four to 
12 days, and then, after a short static period, recovery began at a variable rate. 
In a few instances disability was minimal within four weeks, but in the majority 
this process took as many months. No patient died, but residual disability, 
which was not necessarily permanent, was described in five cases. Two patients 
showed persistent wasting of the leg muscles, while other residual findings were 
peripheral vasomotor disturbances, paralysis of the right serratus anterior 
muscle, and asymptomatic absence of reflexes. 

Early findings in the spinal fluid are available in six cases. All showed an in- 
crease in spinal-fluid protein (70 to 330 mg. per 100 ml.), while three showed 
pleocytosis (seven, 10, and 65 cells per c.mm.). In four cases there was albumino- 
cytological dissociation (0 to 10 cells per c.mm., 140 to 330 mg. of protein per 
100 ml.). Late readings, during the fourth week of the illness, in two cases 
showed normal cell counts with a high protein-content (150 and 350 mg. per 
100 ml.). In the absence of recorded fatalities no histopathological reports are 
available. 


Summary 


It appears from the above account that neurological complications occur in 
slightly less than one in 1,000 cases of measles. Of such neurological complica- 
tions less than 2 per cent. are instances of polyradiculitis, rather less than 3 per 
cent. instances of myelitis, and more than 95 per cent. encephalitic or encephalo- 
myelitic illnesses. No fatalities have been reported in polyradiculitis. The 
mortality-rate of myelitis appears to be in the region of 20 per cent., and a 
similar mortality-rate is yielded by the much larger group of encephalitic cases. 
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All these complications seem to be somewhat more frequent in male patients. 
The average latent period between the appearance of the rash and the onset of 
polyradiculitis is nine days, of myelitis 5-5 days, and of encephalitis 4-7 days. 
The occurrence and severity of neurological complications appear to bear no 
relation to the severity of the exanthem. Although patients with encephalitis 
occasionally die after illnesses of longer duration, the majority of deaths occur 
during the first three days, and few patients subsequently succumb who survive 
the first week of the illness. Spinal-fluid changes are variable, and of no prog- 
nostic significance. The mortality-rate is appreciably higher in patients who 
pass into coma or who have convulsions. More than half of those who recover 
are free of symptoms on discharge from hospital. Gross neurological signs show 
a remarkable tendency to disappear, myelitic and hemiplegic syndromes proving 
most often persistent. Residual psychiatric disability is a more frequent sequel 
than physical deficit. Persisting intellectual impairment is the most serious 
sequel in children, but has not been reported in adults. Hemiplegic syndromes 
occurring with encephalitic illness show a marked tendency to recover: hemi- 
plegia occurring as an isolated incident tends to be persistent in a higher pro- 
portion of cases. Temporal analysis of the pathological findings indicates that 
damage to blood-vessels is probably the earliest change, and that it progresses 
in the course of a few days to the classical perivenous encephalitis. Initially 
these changes appear to be entirely reversible. When they _—n they are un- 
accompanied by progressive gliosis. 


VARICELLA 


Neurological complications of varicella take the same general form as those 
of measles and rubella, and cases of encephalitis, myelitis, and polyneuritis have 
all been described. A review of these complications was published by Under- 
wood in 1935 (395), and the material considered in the present section consists of 
reports published between that date and 1953. Details are available of 65 in- 
dividual cases, the sources of which are indicated in the bibliography by the 
prefix V, and of 69 cases reported in the series of Brodtmann (68) (10 cases) and 
of Appelbaum, Rachelson, and Dolgopol (10) (59 cases, including 21 previously 
reported by Neal (288)). 

Incidence. No exact figures are available. Bullowa and Wishik (72) mentioned 
five cases of encephalitis and three of ‘meningitis’ among 2,534 patients with 
varicella admitted to hospital, giving a percentage of 0-3 per cent. This figure 
is obviously too high, as it does not take into account the domestic cases occur- 
ring in the same period. Bergman and Magnusson (38) saw 10 cases between 
1927 and 1938 in Stockholm, where there had apparently been none between 
1917 and 1927. In England and Wales in 1950 there were nine cases, one of 
which was fatal, and in 1951 nine cases were notified, with no deaths (99, 100). 

Latent period. Data are available in 95 cases of encephalitis. In two cases the 
neurological signs appeared before the exanthem (four and three days pre- 
viously); in the remaining 93 cases the latent period, after appearance of the 
rash, ranged from nil to 21 days. The average latent period for post-varicella 
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encephalitis was 6-3 days: 34 cases (35-7 per cent.) occurred on the fourth and 
fifth days, and 71 cases (74-7 per cent.) during the first week. Data regarding 
the latent period in cases of myelitis are available in four cases, giving an aver- 
age interval of 8-25 days, with a range from the sixth to the 10th day after ap- 
pearance of the rash. Data regarding polyradiculitis are available in eight cases, 
giving an average of 11-25 days, with a range from the seventh to the 20th day 


TABLE V 


Varicella Encephalitis: Age and Sex Incidence in 50 Adequately Reported Cases 


Age Male Female Total 
(years) patients (Deaths) satients 
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3-5 (1) 11 
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11-15 (1) ae as 
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after appearance of the rash. There is no relation between the severity of the 
rash and the nature or severity of the neurological complications, nor, apparently, 
between the length of the incubation period and the severity of such complica- 
tions. 

Distribution of syndromes. Of the 134 cases reviewed here 121 were cases of 
encephalitis, nine of polyradiculitis, and four of myelitis. 


Encephalitis 

The same considerations concerning cases described individually (D) and those 
described in a series (S), which were discussed under the heading of measles 
encephalitis, apply in varicella encephalitis, although the number of cases 
available is much smaller. Individual case reports, in varying degrees of detail, 
are available for 52 cases, and a summary of the findings in a series of 59 cases 
is given by Appelbaum, Rachelson, and Dolgopol (10). Data are available of 
sex in 111 cases, of which 78 were in male patients (10 deaths) and 33 in 
female patients (one death). This gives a total mortality of 10 per cent., with 
12-8 per cent. in male and 3 per cent. in female patients. Data with regard to 
age, sex, and mortality are available in 50 cases, and are set out in Table V. Of 
these 50 cases 37 (74 per cent.) occurred between the ages of three and 10 years, 
six under the age of two years, and three at over 21 years of age. Of the three 
cases occurring under the age of two years none was fatal, and of the three 
male patients over 21 years of age one died. The total of deaths in a group 
of 121 cases of varicella encephalitis was 13, or 10-7 per cent. The mortality 
in the six-to-ten years age-group was about 20 per cent. 

Clinical features. The data are taken from 52 ‘D’ cases and 59 ‘S’ cases, the 
latter being those of Appelbaum, Rachelson, and Dolgopol (10) unless other- 
wise stated. The onset was very variable. In 50 ‘D’ cases in which it was 
recorded, a strikingly sudden onset was uncommon. Three cases began with 
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convulsions, and two with sudden coma. Six patients developed headache and 
meningeal signs, and in 14 the encephalitis began with headache and vomiting. 
Eight patients were noted to have ‘pure cerebellar ataxia’ from the onset. A 
slow onset with increasing drowsiness was reported in 12 cases, and less com- 
mon initial features were mutism, acute tremor, choreiform movements, facial 
pain, and delirium, each of which was represented once. Of the ‘S’ cases it is 
stated that in 30 the onset was acute and sudden, and in 20 it was slow. Head- 
ache was almost always an early symptom, and was reported in 27 (52 per cent.) 
of the ‘D’ cases and 33 (56 per cent.) of the ‘S’ cases. Where a description of the 
headache was given it appeared to be more frequently frontal, but in most cases 
was presumably general. Twelve of the ‘D’ patients with headache also had 
meningism, and altogether 15 ‘D’ patients (29 per cent.) showed this feature ; in 
four of them the clinical picture was that of a lymphocytic meningitis. At least 
29 (50 per cent.) of the ‘S’ cases had meningism. There was no correlation 
between the cell count in the cerebrospinal fluid and the presence or intensity of 
meningeal signs. Three patients with meningism died, but five who died showed 
no meningism. Vomiting was another early symptom, being described in 27 ‘D’ 
cases (52 per cent.) and 34 ‘S’ cases (57-6 per cent.). In eight (66-6 per cent.) of 
12 patients in whom cerebellar ataxia was an outstanding feature, vomiting also 
occurred. 

Drowsiness or stupor (without coma) was present in about half the cases, 
being mentioned in 14 ‘D’ patients (27 per cent.) and 38 ‘S’ patients (64 per 
cent.). Coma occurred in 10 ‘D’ patients, of whom five also had convulsions, 
but is not mentioned in Appelbaum, Rachelson, and Dolgopol’s series. The in- 
cidence was therefore 19-2 per cent. Four of these 10 patients died (40 per cent.), 
and three of the five who had coma and convulsions died (60 per cent.) ; of the 
remaining 42 patients who had no coma only 9-5 per cent. died. One patient was 
unconscious for a few hours at the onset of his illness and, although he recovered 
consciousness, died from encephalitis three weeks later (372). The duration of 
coma in patients who recovered was: 20 hours (one case) ; 36 hours (two) ; four 
days (two); five days (one). Symptoms of toxic psychosis, typically an ‘acute 
organic reaction’, occurred in nine ‘D’ patients, four of whom had been in coma 
and two in stupor ; in three consciousness had remained relatively clear. All nine 
had meningism. One ‘S’ patient had delirium, and one was euphoric. The 
symptoms in all cases varied from mild confusion (which probably occurred 
much more frequently than was recorded) to severe delirium. 

Convulsions occurred in nine ‘D’ and 14 ‘S’ cases, the incidence for the whole 
group being 19 per cent. The ‘S’ cases included generalized and focal convulsions 
in 13 patients, and myoclonic jerkings in one. The type of convulsions in the 
nine ‘D’ patients (17 per cent.) included general, focal, and myoclonic fits, 
alone or combined. Of these nine patients three died, giving a mortality of 33 per 
cent. compared with 14 per cent. in the remaining 43 cases of this group. Of five 
children below the age of two years only one had convulsions. Only four patients 
had no fever, varicella encephalitis being usually a febrile illness. The degree 
of fever was variable, but was often very high in fatal cases. In patients who 
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survived the temperature usually returned to normal in two to four days in the 
absence of complications. 

Ataxia was reported in 23 ‘D’ cases (44 per cent.), and in 18 ‘S’ cases (30-5 per 
cent.), giving a total incidence of 37 per cent. A full ‘cerebellar syndrome’, with 
nystagmus, intention tremor, hypotonia, dysmetria, and dysarthria, was not 
seen in all the cases, and an analysis of 23 ‘D’ cases shows: ataxia as a transient 
feature of multifocal encephalitis (three cases); ataxia as a persistent or late 
feature of multifocal encephalitis (seven) ; ataxia as a main feature of multifocal 
encephalitis (three); ‘pure’ cerebellar ataxia throughout (10). In one case the 
ataxia was unilateral (57). None of these cases proved fatal. Sensory ataxia was 
not described. Nystagmus was seen in 11 ‘D’ patients (of whom nine aiso had 
ataxia), and in three ‘S’ patients. Diplopia was reported as a transient symp- 
tom in seven ‘D’ patients and in six ‘S’ patients. Ten ‘D’ patients had nystag- 
mus. Dysphasia was recorded in one ‘S’ case, but was not mentioned in the ‘D’ 
cases, and mutism was regarded as a specific feature in five ‘D’ cases, in four of 
which coma or deep stupor had occurred. 

Persistent hemiplegia occurred in two ‘S’ cases, and a transient hemiplegia 
was reported in Faust’s Case 2 (137): the patient, a boy of 14 years, had developed 
minor fits and diplopia, followed by deep coma, with meningism, absent reflexes, 
and hypertonia. The hemiparesis appeared on the left side during recovery, and 
cleared up completely after three months. Transient tetraplegia occurred in 
three ‘D’ patients, all of whom also showed stupor and profound flaccidity with 
diminished or absent tendon-reflexes. Paraplegia was described twice in the ‘D’ 
cases, but in one case was merely a prelude to tetraplegia. The second patient 
(274) developed multifocal encephalitis three days before the appearance of a 
varicella rash, and a flaccid paraplegia without sensory loss was a transient 
feature. Nine cases of paraplegia, five spastic and four flaccid, are described in 
Appelbaum, Rachelson, and Dolgopol’s series. Monoplegia of one arm was 
reported once in a fatal case, and unilateral facial weakness of upper-motor- 
neurone type in one other case. 

Excluding instances of frank hemiplegia, disturbances of muscle-tone were 
described in 20 ‘D’ cases (38-4 per cent.) and 23 ‘S’ cases (39 per cent.). Hyper- 
tonia was present in seven ‘D’ and 12 ‘S’ cases, and hypotonia in 13 ‘D’ and 11 
‘S’ cases. Of the seven ‘D’ patients with hypertonia, four had diminished and 
one had increased tendon-reflexes. Of the 13 ‘D’ cases with hypotonia, 12 
showed ataxia at some stage. Trismus was not described. The deep reflexes 
were found to be increased in 10 ‘D’ cases (the plantar responses being extensor 
in three, flexor in five, and not described in two), and in 14 ‘S’ cases. Tendon- 
reflexes were decreased in 17 ‘D’ cases (four with extensor and seven with 
flexor plantar responses) and in 14 ‘S’ cases, and were unequal in two ‘D’ 
cases (one with unilateral and one with bilateral extensor plantar responses). 
The deep reflexes were normal in 16 ‘D’ cases (30-7 per cent.). The abdominal 
reflexes were described as present in 18, decreased unilaterally in one (without 
hemiplegia), and absent in six ‘D’ cases. Of these six patients five had decreased 
tendon-reflexes, and two had bilateral and three unilateral extensor plantar 
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responses. The plantar responses were recorded as extensor in 14 ‘D’ cases (five 
unilateral and nine bilateral) and 10 ‘S’ cases. Of the nine ‘D’ patients with 
bilateral extensor plantar responses, four had decreased and three increased 
deep reflexes, and three had absent abdominal reflexes. Sensory loss was not 
described among these cases of varicella encephalitis. Retention of urine was 
reported in four ‘D’ and seven ‘S’ cases. Incontinence was reported only in three 
‘D’ patients (all of whom were unconscious) and four ‘S’ patients. 

Visual impairment was mentioned in one ‘S’ patient and two ‘D’ patients, in 
one of whom it was associated with papilloedema and later optic atrophy, with 
improvement of vision after two months (278). The second ‘D’ patient became 
completely blind on the fourth day of multifocal encephalitis, and recovered his 
vision in 24 hours (30). Papilloedema was reported twice, once by Moller (278) 
and once by Lorenzo y Deal and Gastelu (244). In the latter case the patient 
had unilateral papilloedema without visual symptoms. Some fullness of the 
retinal veins is more frequently reported. Pupillary changes were reported in 
four ‘D’ cases and one ‘S’ case, and in Josserand’s case (209) the pupils re- 
mained unresponsive to light after recovery from encephalitis. Ophthalmoplegia 
was reported in four ‘D’ cases, with unilateral third-nerve weakness in one case 
(210), unilateral lateral-rectus palsy in one (53), total third-nerve palsy in one 
(57), and internal opthalmoplegia in one (399). Diplopia was reported as a 
transient symptom in seven other ‘D’ cases. Of the lower cranial nerves, 
unilateral facial palsy (type not clear) was described in two ‘D’ cases, and ‘facial 
nerve palsy’ in seven ‘S’ cases. Dysphagia was present in three ‘D’ cases, two 
of which were fatal, and irregular respirations were a frequent terminal event 
in fatal cases. Involuntary movements (other than intention tremor, discussed 
above) occurred in eight ‘D’ and five ‘S’ cases. Among the ‘D’ cases there were 
five instances of tremor—one being an example of ‘acute cerebral tremor’ (286)— 
two of violent purposeless movements, and one of choreiform movements. 
Among the five ‘S’ patients three had tremor, and two had choreiform move- 
ments. 

Pre-exanthematous cases have been described in reports by the following 
authors. Bazan and Maggi (30): a boy of 12 years developed multifocal en- 
cephalitis four days before the rash. Features of the illness were cerebellar 
ataxia, headache, delirium, and stupor, with vomiting, blindness, urinary in- 
continence, and high fever (41° C.). Full recovery occurred in eight days. 
Miller and Evans (274): a boy of seven years developed headache, drowsiness, 
and weakness of the legs three days before the rash. Consciousness was clear 
after eight days, but cerebellar ataxia developed later, and persisted for four 
weeks. Full recovery ensued. 

Associated complications of varicella encephalitis have been reported by van 
Bogaert, Breughelmans, and Bouwens (53). Their Case 1 was that of a patient 
who developed albuminuria (attributed to nephritis) and a rash consisting of 
urticaria and erythematous papules, and subsequently died. A number of cases 
have been reported with various unusual features. Swan (383) reported a case 
of multifocal encephalitis in a child who, on recovery from coma, developed 
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increasingly severe tetanoid spasms and marked tremor, constituting a picture of 
‘tetanoid chorea’. Autopsy showed severe damage in the basal ganglia. Waring, 
Neubuerger, and Geever’s case (405) was that of a man aged 40, who had vari- 
cella complicated by pneumonia and became delirious, lapsed into stupor, and 
died. The mental changes had been ascribed to pneumonia, but autopsy re- 
vealed encephalitis with myelinoclasis. Murano (286) described a case with 
the ‘acute cerebral tremor’ of Slotow. Bronchopneumonia supervened, and the 
patient died. Boudin, Nick, Contamin, and Le Bourhis (57) reported the case 
of a man aged 34, who developed left facial pain, left-sided cerebellar signs, 
and a left third-nerve palsy. A pneumonoencephalogram was normal, and the 
cerebrospinal fluid contained 13 cells per c.mm. There was gradual recovery 
over a period of several weeks. Corda’s case (103) was that of an infant aged 
seven months, who developed stupor, dysphagia, and hypertonia, with plastic 
rigidity of the neck and trunk and ‘cog-wheel’ rigidity of the legs. The deep re- 
flexes were decreased, and recovery was incomplete. Vahlquist (399) reported 
the case of a boy aged one year, who developed a unilateral internal ophthalmo- 
plegia, with asymmetrical abdominal reflexes and increased tendon-jerks. Van 
Bogaert, Breughelmans, and Bouwens (53) described varicella encephalitis occur- 
ring in two siblings, one of whom died. Virus studies have not been successful in 
isolating virus from the brains of patients who died from varicella encephalitis. 
Information is available as to the duration of illness in eight fatal ‘D’ cases. 
One patient died within eight hours, and six within the first six days. The three 
‘S’ patients who died did so within the first week. Thus three out of eight 
patients died in the first four days, and nine out of 11 in the first week; the 
longest duration of fatal illness in these cases was three weeks. Data are avail- 
able as to the duration of disability in 40 ‘D’ patients who recovered. One 
recovered by the end of the first week, and a further seven by the end of the 
second week. One-half of the patients had recovered by the end of three weeks, 
three-quarters by the end of six weeks, and all by the end of six months. 
Changes in the spinal fluid. The spinal fluid in varicella encephalitis may be 
normal, or may show a slight to moderate pleocytosis, mostly lymphocytic, but 
in a few cases polymorphonuclear. The highest recorded level was 2,795 cells 
per c.mm. (85 per cent. polymorphs) in one of the ‘S’ cases (288). The maximum 
cell-content is usually reached within 24 to 36 hours, but the count may some- 
times rise until the fourth or fifth day. A rapid decrease in cells then occurs. 
The total protein-content may be normal or moderately raised, the highest level 
in this group being 174 mg. per 100 ml. in a ‘S’ case; this case was unusual, 
the next highest figure being only 70 mg. per 100 ml. The raised protein levels 
fall more slowly. The pressure, when reported, appears to be more often normal 
than raised. Variable changes were noted in the Lange curve when this test was 
performed. The cell counts recorded in the spinal fluid, in the 83 cases for 
which they are available, are set out in Table VI. These changes will be seen to 
have no prognostic value as regards the fatal cases, and the cell count bears no 
direct relation to the presence of meningeal signs. We have no comparable data 
regarding the cerebrospinal fluid in uncomplicated cases of chicken-pox. 
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Prognosis. The mortality of varicella encephalitis is approximately 10 per 
cent. Naturally, the number of case reports available being considerably fewer 
than in the case of measles encephalitis, this figure is so much less reliable, but 
there seems to be no doubt that varicella encephalitis is less often fatal than 
measles encephalitis. The highest mortality (about 20 per cent.) appears in the 
six-to-10 years age-group. Analysis of 44 ‘D’ cases with recovery shows that 33 


TaBLe VI 

Maximum Cell Counts in the Spinal Fluid in 83 cases of Varicella Encephalitis 
Cells per ‘S’” cases *D’ cases ‘D’ cases with Fatal ‘ D’ 
c.mm. (total) (total) meningism cases 

0-10 14 17 5 2 
11-20 6 4 1 
21-50 9 8° 3 1 
51-100 1l 1 ws 1 
101-200 1 2 1 
201-300 1 1 1 
301-500 3 ove 
501-1,000 2 
1,000 + 2 
2,000 +- 1 


Total 33 11 4 
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patients (79 per cent.) recovered completely ; one patient when discharged from 
hospital after six weeks still showed multiple signs, but may have recovered 
fully later (210). Eight patients (18 per cent.), all children under 10 years, 
showed sequelae as set out below. Of 56 surviving ‘S’ patients 47 (84 per cent.) 
were recorded as being normal on discharge, and nine (16 per cent.) as showing 
sequelae. Of eight ‘S’ cases with sequelae, there were major neurological residua 
in two, minor neurological residua in three, and psychiatric sequelae in three. 
The major sequelae were as follows: convulsions and retarded development, with 
death from bronchopneumonia 14 months later, in a child aged three months at 
the onset of encephalitis (194); and gross cerebellar ataxia, with loss of reflexes, 
still present one year after the encephalitis (170). The minor sequelae were: right 
internal ophthalmoplegia, in a child aged one year at the onset of encephalitis 
(399) ; post-neuritic optic atrophy, with good vision, in a child aged nine years 
(278); and slight muscular rigidity, still present after five months, in a child 
aged seven months (103). The psychiatric sequelae included the following: a 
‘dull and expressionless’ child, four months after encephalitis at the age of three 
and a half years (172) ; psychopathic traits not present until after encephalitis at 
the age of nine years (159); and ‘undue nervousness and irritability’ for four 
years, followed by complete recovery, in a child who developed encephalitis at 
the age of six years (218). Follow-up observations for a period of years were 
made by Brodtmann (68) (eight cases), Bergman and Magnusson (38) (nine 
cases), and Appelbaum, Rachelson, and Dolgopol (10) (33 cases). The results in 
the latter authors’ 33 cases show that, of 24 cases patients who were well on 
discharge, three developed late sequelae after six months, six months, and three 
years respectively. Of nine who had sequelae on discharge, two recovered within 
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one and two years respectively, and only two of the remaining seven had shown 
some improvement after two years. The residual signs and symptoms in patients 
with continuing disability included mental retardation, fits, blindness, speech 
disorder, and paralyses. 

An unfavourable prognostic feature of the disease is again found to be coma 
or convulsions. Of nine patients who had convulsions, three died, compared 
with six deaths in 43 cases without convulsions. One patient who had convul- 
sions developed major sequelae—epilepsy and retardation of mental develop- 
ment (194). Of 10 patients who had coma, four died, compared with four deaths 
in 42 cases without coma. Minor sequelae occurred in the patients who had 
coma—slight muscular rigidity (103) and post-neuritic optic atrophy (278). 
Of six patients exhibiting both coma and convulsions, three died. 


Pathology of Varicella Encephalitis 

Autopsy reports are available in six cases, which proved fatal at various stages 
of the disease. The significance of the histopathological changes must be 
evaluated, as in all this group of encephalitides, in relationship to the length of 
the illness before death. Waring, Neubuerger, and Geever (405) reported the 
pathological findings in a man aged 40 years who died on the fourth day of the 
illness. Inspection of the brain showed widespread petechial haemorrhages 
throughout the white matter of the cerebral hemisphere and in the pons and 
cerebellum. Microscopic examination showed marked general swelling of the 
capillary endothelium in the grey and white matter. In the latter there were 
petechial and ring haemorrhages and variable central necrosis, with some 
necrosis of the blood-vessel walls, and radial proliferation of the microglia with 
occasional formation of glial nodules. Slight round-cell cuffing and oedema was 
apparent around the long veins, and in places perivascular demyelination was 
demonstrable, with relatively intact axons. There were very slight changes in 
the nerve-cells. 

Pathological reports are available of three cases in which the patient died 
after an illness of six days. Roeder-Kutsch (330) reported the case of a boy aged 
seven years. Microscopic examination revealed perivenous foci of micro- and 
macroglia in the cortex, accompanied by a more diffuse glial proliferation. The 
changes were less marked in the white matter, but lymphocytic perivascular 
exudates were seen, and there were sharply outlined areas of demyelination 
without axonal damage. Fat-scavenging cells were present. Nerve-cell damage 
was very slight. The pons in this case was extensively affected. Bergman and 
Magnusson (38) described the fatal case of a 12-year-old child, in which micro- 
scopic examination showed congestion and oedema, and round-cell perivascular 
infiltration and small areas of softening were revealed in the central ganglia and 
medulla on section. Séderling (373), reporting a fatal case in a girl of six and a 
half years, described thickening of the meninges, with diffuse red-cell and white- 

cell infiltration. In the corpus striatum, pons, and medulla there was peri- 
vascular oedema, with lymphocytic and plasma-cell infiltration and some 
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exudation of red cells. In the last two cases no report of a detailed examina- 
tion is available. Appelbaum, Rachelson, and Dolgopol (10), in a patient who 
died in ‘less than a week’ from the onset of the illness, found changes which 
they felt were too slight to permit a histological diagnosis of encephalitis. 
Baker (22) reported the autopsy of a patient who died after an 18 days’ illness. 
On inspection there was an increase of subarachnoid fluid, and the lenticular 


VII 


Histopathological Findings in relation to Duration of Illness in Seven Fatal Cases 
of Varicella Encephalitis 


Age of Duration Perivenous Perivenous Nerve- 
patient of Haemor-  infiltra- demyelina- cell 
Authors (years) iliness Ocdema_ rhages tion tion damage 
Waring, Neubuerger, 
and Geever (405) 40 4 days wis “+ a + 0 
Roeder-Kutsch (330) 7 6 days ; + 0 
Bergman and Mag- 
nusson (38) 12 6 days + + ? 0 
Séderling (373) 6 6 days ‘ + a ? 0 
Baker (22) 6 18 days + + oh 0 0 
Swan (383) 6 21 days + + + ok ++ 


Appelbaum, Rachel- 
son, and Dolgopol 
(10) ? <7 days a. 


0 + 0 0 


nuclei were oedematous. Microscopic examination showed occasional red blood- 
cells around an artery in the white matter, and a few vessels were seen with 
perivascular mononuclear cuffing. There was no demyelination, and very slight 
nerve-cell damage. Swan (383) gave details of the pathological findings in a 
boy of six and a half years, with a clinical picture of tetanoid chorea, who died 
after 21 days’ illness. Microscopic examination showed some lymphocytic 
meningeal infiltration. There were a few lesions in the cortex, and the white 
matter showed scattered perivascular infiltration and oedema, sometimes ac- 
companied by demyelination. The brunt of the damage fell on the corpus 
striatum, where there were perivascular zones of tissue-destruction varying from 
demyelination to complete softening. There was considerable damage to the 
nerve-cells in the involved areas—chromatolysis, cell sclerosis, and cell-nuclei 
denuded of cytoplasm. In the most severely affected areas the tissues were 
packed with polymorphous microglia containing many fat-granules. Arteries 
and veins were surrounded by extensive cuffs of lymphocytes, with some poly- 
morphs and plasma cells. In some areas the vascular endothelium was seen to be 
swollen. Haemorrhages were rare and small. 

Analysis of the recorded pathological material suggests a chronological pat- 
tern similar to that found in measles encephalitis. The initial changes, conges- 
tion and oedema of capillary endothelium, give place to petechial and ring 
haemorrhages with some necrosis of vessel walls. Round-cell cuffing and oedema 
is found along the veins. In later stages perivenous foci of microglia appear, 
which may become confluent, and in the white matter sharply outlined areas of 
perivascular demyelination occur, with phagocytosis of fat. Nerve-cell damage 
is usually slight, although, as an exception, the cells of the striatum in Swan’s 
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case (clinically one of tetanoid chorea) showed severe damage. The findings of | 
the various authors with regard to the chronology and site of lesions are set out 
in Table VII. Saucier (345) described a child with ataxia following varicella, in 
whom signs of increasing intracranial pressure led to neurosurgical exploration. 
Recent arachnoiditis was found in the posterior fossa, and full recovery fol- 
lowed operation. A rather similar case has been reported from France (18), but 
the process was much slower, and arachnoiditis was discovered at autopsy some 
years after the onset of ataxia. 


Myelitis 

Reports of only four cases are available. These were described by Beer (33), 
Giraud, Bernard, and Bergier (161), MacIntyre and Beach (250), and Masten 
(262). There were three male patients, aged three, seven and 17 years, and one 
girl aged seven years. In each case an ascending myelitis developed between six 
and 10 days after the appearance of the rash. Paraplegia developed rapidly in 
all cases, and paralysis later spread to involve the trunk and one (two cases) or 
both arms (two cases). Dysphagia, dysarthria, and trismus also developed in 
one patient, in whom the occurrence of a single, brief right-sided clonic convul- 
sion also suggested involvement of the hemisphere (33). The predominant signs 
in this case were, however, myelitic, and it is therefore included here rather than 
among the encephalitic group. Deep reflexes were diminished from the outset in 
three cases, and after temporary exaggeration in the remaining case. Each 
patient showed bilateral extensor plantar responses, and a level of sensory loss 
in the lower thoracic region. Hypertonia was present at the outset in two cases. 
Retention of urine occurred in two patients, and incontinence in two. In one 
case the patient complained of left-sided headache, and pain and blindness in 
the left eye, on the 24th day of the myelitis, although the pupil and the fundus 
retinae were normal on that side (250). Three patients had fever up to 103° F., 
but one was apyrexial throughout. In two cases the paralysis ascended 
rapidly throughout the first 24 hours, but in two other cases there was apparent 
relapse, with further ascent of the paralysis, after a stationary period lasting two 
to three days. Recovery took place in all cases, and began after seven to 18 
days, being complete after three to six weeks. The duration of the illness in the 
four cases was three, five, six, and six weeks. The cerebrospinal fluid was normal 
in two of these cases, although lumbar puncture was not performed in either 
until the 10th day of the myelitis. In the two remaining cases a moderate 
pleocytosis (50 cells per c.mm.), without increase in protein, was found on the 
fourth and sixth days respectively. All four cases recovered completely. There 
were no sequelae. The patient who had a late onset of blindness in one eye re- 
covered normal vision within six days. No post-mortem data are available in 
cases of post-varicella myelitis. 

Polyradiculitis 

Nine patients showed a clinical picture of polyradiculitis (80, 82, 83, 218, 262, 
335, 354). There were four boys, aged one, four, four, and five years, and five 
female patients, aged six, seven, seven, 13, and 22 years—an almost equal sex 
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incidence in this small group. There was nothing specific about the clinical 
features. Typically a flaccid paralysis developed seven to 20 days after the 
appearance of the rash. There was paraplegia in two cases, paraplegia with 
paralysis of one arm in one case, and tetraplegia in six cases. Only in Roseman 
and Aring’s cases (335) was the distribution of weakness in each limb reported, 
and in both cases the proximal muscles were the more seriously involved. 
Facial paralysis was found in four cases, and was bilateral in three. Bulbar 
signs such as dysarthria or dysphagia occurred in five cases. Definite sensory 
loss in the extremities was reported in only two cases, in one of which half of the 
face also was analgesic, but paraesthesiae, subjective numbness, and muscle 
tenderness were prominent symptoms in most cases. There was diplopia in one 
case. Deep reflexes were uniformly absent. Incontinence and retention of urine 
each occurred in one case. One case showed signs of spinal-cord involvement, 
with extensor plantar responses from the outset, and increased tendon-reflexes at 
a later stage (80). Only one case showed meningeal signs. The paralysis usually 
reached its height in a few days, after which recovery began, but in Lancaster’s 
Case 3 (218) the symptoms progressed for six weeks. The duration of illness, 
given in five cases, was eight, eight, 12, 12, and 16 weeks. The findings in the 
cerebrospinal fluid showed generally a moderate increase of cells, up to 32 per 
c.mm., and of protein, up to 80 mg. per 100 ml. In four cases there was al- 
buminocytological dissociation, with cells 0 to 7 per c.mm. and protein 142 mg. 
to 312 mg. per 100 ml. In one case the fluid was normal. All these patients re- 
covered completely in periods varying from eight to 16 weeks, and no pathologi- 
cal data are available for cases of post-varicella polyradiculitis. A less certain 
case, not included in this analysis, was reported by Clement and Ketelbant in 
1938: a child of two and a half years developed a mild Guillain-Barré syndrome 
with paraplegia, muscle pain and tenderness, and albuminocytological dissocia- 
tion, and recovered in five or six weeks. On the 13th day of the illness a typical 
mild varicella rash appeared. Her sister, aged five months, developed varicella 
a few days later, and died in the course of a single convulsion (93). The Guillain- 
Barré syndrome is not generally regarded as a pre-exanthematous condition in 
varicella or in any other infection. 


Summary 


Neurological complications occur in chicken-pox with an undetermined 
frequency, but there is no evidence to suggest that their frequency is significantly 
higher than in measles. The distribution of syndromes is of the order of 7 per 
cent. polyradiculitis, 3 per cent. myelitis, and 90 per cent. encephalitis. No 
fatalities have been reported in cases of post-varicella polyradiculitis or myelitis. 
The mortality in encephalitic cases is about 10 per cent. These complications 
appear to be almost twice as common in male as in female patients. The average 
latent period between appearance of the rash and onset of neurological disorder 
is 11-25 days for polyradiculitis, 8-25 days for myelitis, and 6-3 days for en- 
cephalitis. The patients who succumbed to encephalitis died within the first 
week of the illness, except one, who died after three weeks. The average dura- 


i | 


PARA-INFECTIOUS ENCEPHALOMYELITIS 457 


tion of illness in patients who recovered without disability was two to three 
weeks. Spinal-fluid changes are variable, and of no prognostic significance. 
Once again coma and convulsions are seen to be unfavourable prognostic signs, 
with a higher mortality and more serious sequelae. Three-quarters of the 
patients who recover show no sequelae. Only a small number appear to show 
subsequent psychiatric disorder or lack of development. Hemiplegia appears 
to be uncommon as a persistent feature, but cerebellar ataxia may occasionally 
persist. Early damage to blood-vessels, developing into a perivenous en- 
cephalitis, appears to be the usual pathological finding, although nerve-cell 
damage may rarely occur. 


RUBELLA 


Neurological complications of rubella were first described clinically by Revil- 
liod and Long in 1906 (326), but the subject has not previously been compre- 
hensively reviewed. The present account is based on a consideration of 80 re- 
corded cases. Sixty-four of these are individual case reports, the sources being 
indicated in the bibliography by the prefix R; 14 cases were reported by Mar- 
golis, Wilson, and Top (257), and Shindo (362) gave a brief account of two 
patients previously reported in Japanese by Tanaka in 1935 and Tatsumi in 
1936. There remained 12 more doubtful cases, 10 described by Bénard (34), and 
two by Carrieu, Lamy, and Bouchet (79). The 80 cases on which the present 
account is based were reported from Australia, Canada, England, France, Ger- 
many, Holland, Japan, Norway, Poland, Sweden, Switzerland, the United 
States, and Uruguay. 

Incidence. Evidence with regard to the incidence of neurological complica- 
tions of rubella is fragmentary. The most reliable figure available is probably 
that of Margolis, Wilson, and Top (257), who reported 14 cases of encephalitis 
occurring in an estimated total of 75,000 cases of rubella in the 1942 Detroit 
epidemic. This yields an incidence of approximately 0-02 per cent., or one in 
5,000 cases. Post-infectious encephalitis became a notifiable disease in England 
and Wales in 1950. One case of rubella encephalitis was notified in 1950, and 
two in 1951, without fatality. Davison and Friedfeld (111) reported that 19 
cases of encephalitis occurred during the 1935 rubella epidemic in the eastern 
United States of America. Eight of these 19 cases occurred in patients past the 
age of puberty. Humphrey and Ekermeyer (197) saw one case of encephalitis in 
an epidemic of rubella affecting 305 children in an Ohio Institution. Bénard (34) 
saw 291 patients with rubella in a Versailles military hospital. One of these 
patients developed a fatal ascending myelitis, while 11 developed a curious 
meningeal syndrome, the significance of which is far from clear. A further 
complicating factor in this series is that a 13th patient developed frank herpes 
zoster. The incidence of neurological complications in this epidemic was a little 
over 4 per cent. Carrieu, Lamy, and Bouchet (79) reported 100 cases of rubella, 
96 of which were in school-children, in a village near Montpellier. Two of the 
children died in convulsions on the third day of the illness, but no details of the 
cases are given. 
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Latent period. Information is available in 75 cases. In six instances neuro- 
logical complications preceded the appearance of the rash by nine, three (two 
cases), and two days (three cases). Fifty per cent. of the remaining cases 
occurred on the third or fourth day after the appearance of the rash, and 80 per 
cent. during the first week of the exanthem (as did all of five further cases in 
which exact information is not available). If the six pre-exanthematous cases 


VIII 
Age and Sex Incidence of Rubella Encephalitis 


Age Male Female Total 

(years) patients (Deaths) patients (Deaths) cases 
0-2 (1) 2 
3-5 3 
6-10 (2) 12 
11-15 
16-20 (1) 2 
21 and over (1) 7 


Total 37 (5) 37 


are excluded, the average latent period is 4-3 days. If this group is divided on 
the basis of clinical syndromes, the respective latent periods are for encephalitis 
3-8 days, for myelitis 6-7 days (three, three, and 14 days), and for polyradiculitis 
8-7 days (seven, eight, and 11 days). 

Distribution of syndromes. Of the 80 cases reviewed here 74 were examples of 
encephalitis, three of myelitis, and three of polyradiculitis. 


Encephalitis 

The literature contains 74 reports of cases of rubella encephalitis, there being 
60 individual cases and a series of 14 patients reported by Margolis, Wilson, and 
Top (257). The cases recorded by Carrieu, Lamy, and Bouchet (79) and 
Bénard (34) are not included in this section. The sex incidence was equal, there 
being 37 patients of each sex. The mortality was twice as high in female (27 per 
cent.) as in male patients (13-5 per cent.). Data of age, sex, and mortality are 
set out in Table VIII. No less than 31 per cent. of these patients were over 16, 
and more than 50 per cent. between six and 15 years old. There appears to be 
an unduly high proportion of cases in the later age-groups, but we have been 
unable to obtain any exact information about the age incidence of uncomplicated 
rubella, which is well known to number many more older children, adolescents, 
and young adults among its victims than measles or varicella. The mortality in 
the whole group was 20-3 per cent. 

Clinical features. Full details are not given in every reported case, and the 
figures given below cannot be regarded as more than approximations, except for 
such major phenomena as convulsions and hemiplegia, which are unlikely to be 
omitted from even the briefest reports. The onset was variable, but was abrupt 
in 60 per cent. of cases. Convulsions and sudden loss of consciousness were the 
commonest initial signs, while several cases began with vomiting and delirium. 
Less common initial complaints were visual disturbance, aphasia, and vertigo. 


(Deaths) 
(1) 
(1) 
(8) 
(1) 
(2) 
(2) 
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In other patients the onset was more gradual, with a slow lapse into coma or the 
insidious development of meningeal signs. Two cases began with cerebellar 
ataxia. Headache was recorded in 45 per cent., and was an early feature, 
especially in cases of less sudden onset. It was particularly prominent in patients 
with meningeal irritation, but occurred quite frequently in others. Vomiting, 
another early symptom, was recorded in 40 per cent. and in six adults such 
meningeal signs were the main feature of the whole illness, which clinically 
resembled benign lymphocytic meningitis. Two such patients had prolonged 
illnesses of five and seven weeks’ duration. 

Disturbance of consciousness in some degree was almost universal. Stupor 
was noted in 11 patients (15 per cent.), and coma in 39 (52 per cent.), of whom 15 
died. The mortality in comatose patients was thus 38 per cent. No patient died 
who was not comatose, and none died who had once recovered consciousness. 
Psychological symptoms of the ‘organic reaction’ type occurred in 21 patients, 
of whom nine did not lose consciousness, and two had no fever during their ill- 
ness. The symptoms varied from mild confusion to wild delirium. Forty-two 
patients (57 per cent.) had convulsions, and of these 26 per cent. died, compared 
with 12-5 per cent. of those who had no convulsions. Major convulsions occurred 
in 34 patients, being more often general than focal. Myoclonus was noted in 
eight cases, and in two it was the main feature of the illness (112). All but seven 
patients were febrile at some stage of the illness, and those who died often had 
terminal hyperpyrexia. In patients who recovered the temperature had usually 
fallen to normal after the first few days. 

Ataxia was reported in 10 cases (13-5 per cent.). One patient had a transient 
episode of gross sensory ataxia (60). In the remainder the ataxia was of cere- 
bellar type. It was merely one of several focal features in three cases, while in 
five it was the main feature, but had been preceded by signs of diffuse cerebral 
disturbance. Another patient showed only cerebellar signs from the onset, and 
this case falls into the group of acute infantile ataxia (129). In all but two cases 

ataxia resolved rapidly. Nystagmus, diplopia, and dysarthria were each re- 
corded in about 10 per cent. of cases. There were two cases of amnestic aphasia, 
and one of mutism, in the acute phase of the illness. 

Hemiplegia was reported in five cases (6-7 per cent.). In three patients, one 
of whom died, it was merely an incident in multifocal encephalitis. In the other 
two it developed after a series of convulsions, and was the main feature. It re- 
solved rapidly, and was followed by complete functional recovery. There is no 
case report of persistent hemiplegia after rubella, although Freud and Rie (154) 
alluded to its occurrence. Transient paralysis of an arm was recorded twice 
(197, 240), and tetraplegia followed hemiplegia in the fatal case mentioned above 
(66). Relatively few authors have mentioned muscle-tone, but hypertonia was 
commoner than hypotonia. Marked fluctuations in tone occurred in occasional 
cases, while two patients had intense rigidity with widespread myoclonus (112). 
Trismus was noted occasionally, but only in one patient without generalized 
hypertonia. The deep reflexes were as often exaggerated as decreased. In most 
instances reflex changes were symmetrical, and several patients had normal 
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reflexes throughout. The abdominal reflexes were usually absent. One-third of 
the patients had flexor plantar responses, and unilateral and bilateral extensor 
responses occurred with equal frequency. Two hemiplegic patients had bilateral 
Babinski signs, while many patients had a unilateral extensor response without 
any evidence of hemiplegia. Sphincter disorders were mentioned surprisingly 
seldom. Incontinence occurred only in comatose patients, but retention was 
noted in two fully conscious patients. Two patients had sensory loss. In one this 
took the form of hemianaesthesia accompanying hemiplegia (179); the second 
patient had sensory ataxia, with impaired muscle and joint sense in the limbs 
(60). 

Visual impairment was found in four patients. Two had optic neuritis (298, 
329), both eyes being involved in one case (329). A third patient had transitory 
blurring of vision, of uncertain cause. A fourth, with right hemiplegia, had visual 
inattention in the right half-fields (267). Papilloedema was seen four times, 
being due to raised intracranial pressure in two cases, and to optic neuritis in 
one. One patient had bilateral papilloedema and dilated pupils, in spite of 
normal cerebrospinal-fluid pressure and normal visual acuity (26). Ophthalmo- 
plegia developed in five cases: there was paresis of individual ocular muscles in 
four patients, all of whom had strabismus, and paralysis of lateral conjugate 
deviation in one. Anisocoria was recorded in four patients, including one with 
optic neuritis. Otherwise pupillary changes were those to be expected in un- 
conscious patients. Paralysis of convergence or accommodation has not been 
described. Facial paralysis, without paralysis elsewhere, was a brief episode in 
five cases. It was of supranuclear type in three, and in the remaining cases full 
details were not given. Frank bulbar signs, dysphagia and paroxysmal dyspnoea, 
were recorded once only, although respiratory failure was a common terminal 
feature in fatal cases. 

About one-sixth of the patients had involuntary movements, mainly tremor 
and athetoid movements. Choreiform movements were described once. Most of 
these patients also had convulsions. Muscle wasting has not been described. 
Nove-Josserand, Bertrand, and Flotard (292) described a patient who had 
myoclonus and rigidity of the left arm, and athetoid movements of the right 
arm, followed by transient clumsiness of the left arm during a rapid recovery. 
Four years earlier she had had measles encephalitis, with convulsions and left 
hemiplegia. The hemiplegia had cleared in eight months. Davison and Fried- 
feld’s Case 3 (111) showed a recrudescence of neurological symptoms on the sixth 
day after almost complete remission. Full recovery had occurred by the 10th day. 

The duration of fatal illness was invariably brief. All the patients who died 
succumbed within 72 hours of the onset, and seven in the first 24 hours. In 
three patients the whole illness lasted less than 12 hours. In cases of complete 
recovery the duration of disability was characteristically short, and in Margolis, 
Wilson, and Top’s series (257) abnormal neurological signs were present for only 
three to 10 days. Details of 41 patients who recovered fully, or with only very 
minor sequelae, are available, and no less than 75 per cent. had recovered within 
a fortnight. 
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Changes in the spinal fluid. A moderate lymphocytic pleocytosis was the usual 
cytological finding, but a significant number of patients had normal cell counts, 
including several with frank signs of meningeal irritation. There was no clear 
correlation between the cell count and the ultimate outcome, or between the cell 
count and the presence or severity of meningeal signs. The predominant cell 
was the lymphocyte, but polymorphs were present in equal numbers in two 


TABLE IX 


Cell Counts in the Spinal Fluid in 58 Cases of Rubella Encephalitis 
Cells Cases with 
per c.mm. All cases Fatal cases meningeal signs 

0-5 13 2 7 
6-10 5 ss 1 
11-20 7 2 3 
21-50 14 4 5 
51-100 12 ee 7 
101-200 5 4 3 
201-300 l 1 
301-400 1 1 


cases. Serial cell counts have been few, but they indicate that the number of 
cells reached a maximum within three days of the onset, and then declined 
slowly. Protein was usually increased to 60 to 80 mg. per 100 ml. in the presence 
of pleocytosis, but the highest protein level (160 mg. per 100 ml.) was found in 
a fluid with a normal cell count. Pressure was raised in about half of the cases, 
the highest recorded being 430 mm. Chlorides and sugar showed no consistent 
changes. In 75 per cent. of patients the leucopenia of rubella was replaced by 
a polymorph leucocytosis in the peripheral blood, generally of modest degree. 
Extensive haematological investigations in a single case were reported by 
Shindo (362). 

Prognosis. Of 74 patients recorded in the literature 15 died, a mortality of 
just over 20 per cent. If the cases of Carrieu, Lamy, and Bouchet (79) and 
Bénard (34) are accepted, the total deaths become 17 out of 86, or 19-8 per cent. 
The late prognosis is apparently good, as sequelae are mentioned in only five of 
the 59 survivors (8-5 per cent.). Two patients had reflex abnormalities without 
functional deficit (3, 278), and one complained of ready fatigue (324). Serious 
sequelae, ataxia and aphasia, were recorded only twice (257, 194) and neither 
case was followed for longer than a year. The possibility of late-developing 
sequelae cannot be entirely discounted, however, as no prolonged follow-up 
observations have been recorded. There seems to be no clear relationship 
between age and prognosis. From the scanty figures available it appears that 
illnesses of more than two weeks’ duration were seen only in adults and in 
children of 11 years and older. The mortality, however, was lower in this group. 
The two patients with serious sequelae were girls aged two and five years. 

Convulsions and coma in relation to prognosis. As has been pointed out already 
in the clinical section, the occurrence of convulsions worsened the prognosis 
quoad vitam. Convulsions occurred in 73 per cent. of patients who died and in 
52-5 per cent. of survivors. If myoclonus is excluded, the figures become 66 per 
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cent. and 44 per cent. Of the two patients with serious sequelae, one had re- 
peated major fits (257), and the other had a single initial general convulsion 
followed by myoclonus (194). Coma was a feature of all fatal cases, but was seen 
in 24 of 59 survivors. The fatality-rate among comatose patients was 38 per 
cent., compared with an overall mortality of 20 per cent. No patient died who 
once recovered consciousness. Most of the patients who died became comatose 
early in the illness, but Méller’s patient (278) was fully conscious for the first 
two days of a three-day illness. 


Pathology of Rubella Encephalitis 


The pathology of rubella encephalitis is not so well known as that of measles. 
Only a handful of autopsy reports have been published, and few cases appear to 
have been studied in detail, since most of the reports are brief. Moreover, death 
in all fatal cases has occurred within 72 hours, so that later changes have not had 
time to develop. The pathological findings have been reported in nine cases of 
rubella encephalitis, and these are considered in temporal sequence. There are 
two reports on patients who died within 12 hours. Taylor (390) found conges- 
tion and mononuclear infiltration of the meninges, and congestion of the brain 
with numerous petechial haemorrhages. Many small vessels and capillaries 
showed hyaline transformation or cellular proliferation of their walls, and a 
collar of mononuclear cells surrounded each vessel. Varying degrees of nerve- 
cell damage, from chromatolysis to loss of nuclei, were seen especially in the 
peri-aqueductal grey matter. There were some areas of microscopic softening in 
the cerebral cortex. Briggs (66), in a brief report, mentioned petechiae, especi- 
ally in the white matter at the base of the brain, together with widespread 
perivascular infiltration by mononuclear and polymorph cells. Three patients 
died between 12 and 24 hours after the onset. Falger (135) found some vascular 
necrosis and thrombosis, with perivascular cuffs of lymphocytes and occasional 
glial cells. These changes were more marked in the white matter. Wigand 
(410) described great congestion and oedema of the brain. Throughout the 
cerebral hemispheres, but especially in the white matter, were dilated small and 
medium veins surrounded by continuous mantles of mononuclear cells. There 
was no clear demyelination, although the perivascular myelin sheaths were com- 
pressed by oedema. Ganglion-cells and meninges were normal. Szczepanska 
(388) briefly reported congestion of white matter, and capillary enlargement and 
engorgement in the cortex and subcortex, with perivascular lymphocytes and 
occasional monocytes. A patient who died after 36 hours was described by 
Davison and Friedfeld (111), who found a congested brain. Cortical blood- 
vessels had thickened walls, while perivascular aggregations of microglia, 
lymphocytes, and monocytes were seen in the cortex, white matter, and brain- 
stem. There was slight breaking down of myelin sheaths and axis cylinders, 
especially near perivascular spaces. The cortical architecture was preserved, but 
many nerve-cells stained poorly, and chromatolysis, satellitosis, and neurono- 
phagia were all seen. There was slight meningeal infiltration. Margolis, Wilson, 
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and Top (257) performed autopsies in three cases. All showed oedema, two 
with a cerebellar pressure-cone, and one with capillary hyperaemia of the white 
matter. Perivascular mononuclear cells, resembling plasma cells, were seen in 
two cases; the third showed pigment granules, lymphocytes, and monocytes. 
Capillary haemorrhages in the floor of the fourth ventricle, and non-specific 
nerve-cell damage, were seen in two patients. In two cases the changes were 
limited to the mid-brain and diencephalon, in the third to the diencephalon and 
the white matter of the cerebral hemispheres. 

From these reports there emerges a composite picture of perivascular mono- 
nuclear infiltration, and occasional vascular proliferation and microscopic 
haemorrhage, this process being more marked in the white matter. Nerve-cell 
damage occurred in a minority of cases. Meningeal infiltration was slight or 
absent. Usually the brain was congested and oedematous. These changes are 
clearly non-specific, especially as the vessels involved were not usually identified 
as arteries or veins. Wigand’s case, however, (410) was undoubtedly one of 
early perivenous encephalitis, and that of Davison and Friedfeld (111) probably 
so. The changes in the seven other cases were at least compatible with this 
diagnosis. The absence of demyelination may p'ausibly be attributed to the 
brevity of the illness in each case. 


Myelitis 
Three case reports of myelitis complicating rubella are available, those of 
Tinel and Bénard (392) Epstein and Loup (132), and Morris and Robbins (284). 


The ages of the patients were 18, 21, and 25 years, and all were male. One 
patient, aged 21, died. The latent periods in the three cases were three, three, 
and 14 days respectively, giving an average of 6-7 days. The onset was acute 
in the two cases with a short latent period, fever and meningism developing to 
an ascending paralysis in one case and signs of a transverse lesion in the other. 
The third patient developed urinary retention and paraplegia more gradually. 
Tinel and Bénard’s patient (392) with ascending paralysis developed sensory loss 
and diplopia, with paralysis rapidly ascending to involve the bulbar muscles 
(dysarthria) and both facial nerves. He died of respiratory failure, ‘en pleine 
connaissance’, within three days. Epstein and Loup’s patient (132) with trans- 
verse myelitis had a flaccid paraplegia, with absent knee- and ankle-jerks, 
bilateral extensor plantar responses, and sensory loss below the waist. There 
was retention of urine and faeces. In the more slowly developing case described 
by Morris and Robbins (284) the patient had retention of urine and paraplegia, 
with increased knee- and ankle-jerks and hyperaesthesia of the legs. The patient 
with ascending paralysis died, but the two patients with transverse myelitis 
recovered fully, the patient with the more acute onset in three weeks, and the 
one who was apparently less severely affected in six weeks. In all cases there 
was a moderate increase of protein in the spinal fluid, with a pleocytosis, mostly 
lymphocytic, but predominantly polymorphonuclear in the case of ascending 
paralysis described above. The cell counts in the other two cases were 22 and 
58 per c.mm. 
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An autopsy was performed on Tinel and Bénard’s patient (392), and revealed 
foci of massive perivascular demyelination running the whole length of the 
affected vessels in the spinal cord, especially in the thoracic region. The process 
was most marked in the posterior and lateral columns, but also affected the 
central grey matter to some extent. There was widespread perivascular in- 
filtration by mononuclear cells in all foci. Ganglion-cells were unaffected, even 
in the midst of these areas. The brain was not examined. These changes are the 
classical post-infective findings which were described by Greenfield (169), 
Wohlwill, and many others. 


Polyradiculitis 


Three cases of polyradiculitis complicating rubella have been described. The 
ages and sex of the patients were four years (male), eight years (male), and 23 
years (female). The last-mentioned patient died. The latent periods were seven, 
eight, and 11 days, giving an average of 8-7 days. The two younger patients, 
described by Revilliod and Long (326) and Eley (129), developed flaccid quad- 
riplegia, with loss of reflexes and muscular tenderness. Diplopia was present in 
the older child. The young adult described by Davison and Friedfeld (111) had 
an illness without fever, beginning with dysphagia, slight stiffness of the neck, 
and ‘lethargy’, which might imply some degree of cerebral involvement. Flaccid 
tetraplegia ensued, the weakness being more pronounced in the lower limbs and 
sensory loss in the upper limbs. All deep reflexes were abolished, and facial 
palsy developed first on one and then on both sides. Bulbar involvement be- 
came manifest, and the patient died on the eighth day. The two patients who 
survived recovered in eight and 10 weeks respectively. A lumbar puncture on 
the first day of illness in the fatal case produced a normal fluid. Of the two other 
cases, one showed four cells per c.mm. and 90 mg. of protein per 100 ml. on the 
first day of the illness, and the other a normal fluid on the 35th day. The patho- 
logical changes in the fatal case are not available. Brachial neuritis has been 
reported, without encephalitis, by Sprott (378), Hodges (191), and Harrison 
(184). Its significance is not clear, however, since most of the patients also had 
arthritis which may have accounted for the ‘neuralgia’, while Sprott’s patients 
with undoubted neuritis were only rubella contacts, and did not develop an 
exanthem. 


Summary 


Neurological complications of rubella are rare. Encephalitis is the commonest 
variety, myelitis and polyradiculitis together accounting for less than 8 per cent. 
of recorded cases. The mortality in rubella encephalitis is about 20 per cent., 
and fatalities have been reported in post-rubella myelitis and polyradiculitis. 
The average latent period of encephalitis is 3-8 days. In fatal cases of encephalitis 
all the patients died within three days. Three-quarters of the surviving patients 
recovered fully within 14 days, and sequelae were rare. Changes in the spinal 
fluid were of no prognostic significance. The appearance of coma and convul- 
sions was an unfavourable sign. Follow-up details are too scanty to provide 
evidence of late sequelae, but these appear to be very uncommon. The pathology 
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of rubella encephalitis is not always clear, but in some cases unequivocal peri- 
venous encephalitis has been found, and analogous changes were present in a 
fatal case of myelitis. 


COMPARATIVE STUDY OF THE NEUROLOGICAL COMPLICATIONS OF MEASLES, 
VARICELLA, AND RUBELLA 


A comparis . the neurological syndromes complicating the exanthemata 
already discusseu is of interest from several points of view. A discussion of the 
relation of these syndromes to those occurring with mumps, scarlet fever, and 
pertussis will be found at the end of this paper, and the implications of our 
findings in connexion with the controversy over the aetiology and pathogenesis 
of perivenous encephalomyelitis will be dealt with in a subsequent publication. 
We will attempt at this point merely to assess the validity of certain traditional 
generalizations about these diseases in the clinical field. It is, for example, 
frequently stated that measles encephalitis shows a high incidence of convul- 
sions and hemiplegia, that varicella encephalitis shows a high incidence of 
ataxic and cerebellar syndromes and a low mortality, and that rubella en- 
cephalitis is rare and relatively benign. 

For what the figures are worth—and only in the case of measles are they 
really adequate—they lend some support to the view that neurological compli- 
cations are rarer in rubella than in either of the other two diseases under con- 
sideration. It is interesting to note that the latent periods for appearance of the 
neurological syndromes differ, as do the incubation periods of the fevers them- 
selves. The shortest latent periods are found in rubella, and the longest in 
varicella, measles occupying an intermediate position. In each case encepha- 
litic syndromes have the shortest latent period, and polyradiculitis the longest. 
In rubella, where the latent period is shortest, pre-exanthematous complica- 
tions occur more frequently (8 per cent.) than in measles or varicella. The 
mortality of measles encephalitis and rubella encephalitis is in the region of 20 
per cent., but is only half this figure in varicella encephalitis. Encephalitis in 
measles and rubella appears to affect both sexes equally, but to have a higher 
mortality among female patients. Varicelia encephalitis, on the other hand, 
appears to be more than twice as common in male as in female patients, and to 
have a higher mortality in the male. The age incidence is appreciably higher in 
the case of rubella encephalitis (31 per cent. over 16 years) but, although accur- 
ate figures are lacking, it is known that the exanthem itself has a higher age 
incidence than either measles or varicella. The general similarity between the 
neurological syndromes complicating these three fevers is evident from the 
detailed analyses already presented, and in all three diseases encephalitis 
accounts for over 90 per cent. of the cases. 

It is true that there is no single symptom which is pathognomonic of one of 
these forms of encephalitis as opposed to the others, that they all follow the same 
general pattern, and that, lacking a clear history of the exanthem, it would be 
quite impossible to make an accurate diagnosis between them. Nevertheless the 
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figures obtained indicate some differences which are quite unequivocal. The 
major difference is in the incidence of coma, convulsions, hemiplegia, and ex- 
tensor plantar responses, all of which are bad prognostic signs. Only 19 per 
cent. of patients with varicella encephalitis became comatose, as opposed to 
45 per cent. in measles and 52 per cent. in rubella, and the figures are almost 
identical for the incidence of convulsions. Hemiplegia was seen in 12 per cent. 
of cases in measles encephalitis, 7 per cent. in rubella encephalitis, and only 3 
per cent. in varicella. Unilateral or bilateral extensor plantar responses were 
present in 71 per cent. of measles cases, 66 per cent. of rubella cases, and only 
28 per cent. of varicella. When the incidence of symptoms indicating cerebellar 
disturbance is considered the position is reversed, for 34 per cent. of patients 
with varicella encephalitis were ataxic (measles 10 per cent., rubella 13 per cent.), 
and 21 per cent. of varicella patients showed nystagmus (measles and rubella 
each 10 per cent.). Study of the literature yields the impression that sequelae 
are commonest after measles encephalitis, and least frequent after rubella, 
varicella occupying an intermediate position. In this connexion, however, it is 
well to bear in mind the dearth of follow-up studies relative to varicella and 
rubella compared with the great bulk of material in relation to measles. 

A considerable amount of pathological evidence is available with regard to 
encephalitic complications of all three exanthemata, and lends strong support 
to the view that the succession of pathological changes in measles is qualitatively 
identical with that seen in varicella, if perhaps tending to greater severity. The 
findings recorded in rubella are rendered not quite comparable by the remark- 
able and possibly significant fact that, despite the relatively high mortality of 
this condition, in all the 15 fatal cases on record death has occurred within 72 
hours of the onset of symptoms. The changes described are compatible with the 
earlier stages of a perivenous demyelinating encephalitis, similar in its general 
histopathological as in its clinical pattern to that encountered in measles and 
varicella. These observations endorse the view that rubella encephalitis, al- 
though probably less frequent than the other two forms under discussion, is an 
explosive illness often of great severity. 

It is interesting that the above findings broadly bear out traditional clinical 
beliefs, the bases of which have not previously, so far as we know, been sub- 
jected to numerical analysis. Although varicella encephalitis appears to be a 
milder illness than that complicating measles or rubella, individual cases may be 
of considerable severity, and rubella encephalitis is certainly no less severe than 
that which follows measles. 
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PART II 


NEUROLOGICAL COMPLICATIONS OF MUMPS, SCARLET FEVER, 
AND PERTUSSIS 


Mumps 


While the neurological complications of measles, chicken-pox, and rubella 
bear a distinct resemblance to one another, those of mumps present a somewhat 
different picture. The commonest of these complications is undoubtedly menin- 
gitis, and there is considerable evidence that this is a true virus meningitis. 
A few cases of myelitis and polyradiculitis have, however, been reported, and 
some of the cases classed as meningoencephalitis sufficiently resemble the post- 
exanthematous forms of encephalitis considered above for the suspicion to arise 
that possibly both virus meningitis and post-infectious encephalomyelitis may 
complicate mumps. Such a view has been expressed by Glanzmann (162), 
Fanconi, Zellweger, and Botsztejn (136), and Méller (278). Attempts to induce 
experimental ‘mumps encephalitis’ in animals have never produced a true 
perivenous encephalitis (297). A fatal case of what may have been mumps 
encephalitis—‘ phrenitis’—was described by Russell in 1755 (341). The whole 
range of neurological complications of mumps has been reviewed by McKaig 
and Woltman (251), and more recently by Eberlein and Lynxwiler (126). 

Meningitis. There is an extensive literature dealing with mumps meningitis, 
with which we are not directly concerned in the present review. Ever since 
Gordon (165) demonstrated experimentally the possibility of producing a 
meningoencephalitis in monkeys by intracerebral injection of a filtrate of saliva 
from patients suffering from mumps, it has been known that the mumps virus 
can produce inflammation of the meninges, and the virus has now been recovered 
from the spinal fluid of patients with mumps meningitis by Henle and McDougall 
(187). Good reviews of this condition have been published by Silwer (366) and 
Riege and Smith (327), and an excellent clinical account is given by Bang and 
Bang (23). Suffice it to say here that mumps meningitis is a short and remark- 
ably benign illness, usually appearing within a few days of the parotitis, and 
with only very rare fatalities. 


Mumps Encephalitis, Myelitis, and Polyradiculitis 

While some cases of meningoencephalitis complicating mumps may well be 
the result of a severe virus infection spreading from the meninges to the neuraxis, 
many of those cases which show an encephalitic rather than a meningitic 
syndrome appear to us to resemble more closely the acute encephalomyelitis 
complicating other specific fevers. We have therefore selected those cases re- 
ported since 1934 in which, by virtue of duration of illness, focal signs of severe 
cerebral involvement, prolonged coma, or convulsions, the syndrome presented 
appeared to us clinically analogous to the group of para-infective encephalomye- 
litic illnesses previously described. Such a group of cases is necessarily highly 
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selected and of no comparative statistical value. Moreover, in the absence of 
pathological evidence in many of the cases, it is impossible to disprove definitely 
the argument that such cases may be the result of virus meningoencephalitis. 
Cases of mumps myelitis and polyradiculoneuritis are also reviewed, but there 
are insufficient data to determine the incidence. During an epidemic of mumps 
in a United States Army Camp in 1943, McGuinness and Gall (249) reported 


TaBLE X 
Mumps Encephalitis: Age and Sex Incidence in 27 Adequately Reported Cases 
Age Male Female 
(years) patients (Deaths) patients (Deaths) Total (Deaths) 
0-2 2 2 4 
3-5 1 i 1 (1) 2 (1) 
6-10 6 (2) 3 wo 9 (2) 
11-15 1 fe l (1) 2 (1) 
16-25 6 (1) l 7 (1) 
Over 25 3 (1) y a 3 (1) 
Total 19 (4) 8 (2) 27 (6) 


that there were 52 cases of typical mumps meningitis, two more ‘severe’ cases 
with blood-stained spinal fluid, and one case of mumps polyradiculitis. There 
appears to be no doubt that mumps meningoencephalitis can occur alone, 
without involvement of the salivary glands (126). 


Mumps Encephalitis 

The literature published since 1934 contains 27 cases which seem to fall into 
this group (7, 32, 45, 54, 70, 116, 129, 162, 163, 205, 217, 223, 229, 265, 344, 351, 
358, 365, 371, 379, 400, 406, 408). Data are available of sex and age in all 27 
cases. There have been 19 male patients (four deaths), and eight female patients 
(two deaths). The total mortality is thus six out of 27 cases, or 22-2 per cent., 
being 21 per cent. in male and 25 per cent. in female patients. Data regarding 
age, sex, and mortality are set out in Table X. The latent period in 22 cases 
ranged from five days before to 23 days after appearance of parotitis, the 
average duration in post-parotitis cases being 7-2 days. Of the remaining five 
cases, the latent period was not clear in three, and in two parotitis did not 
occur. Serological tests in one of the last two cases, and a history of contact 
and the subsequent development of orchitis in the other, clearly showed that 
both were cases of mumps. 

Clinical features. The 27 cases reviewed here were mostly reported in suffi- 
cient detail to allow analysis of the frequency with which the main clinical 
features appear, and of the mode of onset, course, and outcome. The onset 
was acute in 20 patients, of whom nine developed sudden meningism, eight had 
convulsions, and one had coma without fits. One patient’s illness started with 
delirium, and that of another with sudden weakness of the legs. A gradual onset 
was seen in seven patients, four of whom slowly lapsed into stupor, while the 
remainder presented such symptoms as weakness of the legs, increased muscle- 
tone, and hemiparesis. Analysis of individual clinical features gives the following 
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results. Headache was described in 13 cases (48 per cent.) and, being usually an 
early symptom, was therefore more noticeable in cases with a milder onset. 
Meningism was reported in 17 cases (63 per cent.), varying from mild stiffness of 
the neck to a severe and well-marked syndrome. Vomiting occurred mainly in 
patients who showed signs of meningeal irritation, but in one of the 10 cases (37 
per cent.) in which it was reported these signs were absent. Drowsiness was an 
almost invariable feature, even when the condition of the patients was not grave. 
Stupor, without coma, was present in three cases only (11 per cent.), but coma, 
other than post-ictal, was reported in 10 patients (37 per cent.), of whom three 
died, a mortality of 33 per cent. Five patients (18-5 per cent.) showed both 
coma and convulsions, and one of these died. The mortality among patients who 
became comatose is thus 26-6 per cent., compared with 16-6 per cent. in the re- 
mainder of the group. The duration of coma was from 12 hours to 14 days. Symp- 
toms of toxic psychosis, varying from simple confusion to severe delirium, were 
reported in 12 cases (44-4 per cent.). One adult patient exhibited transient infan- 
tile behaviour. Euphoria was noted as a passing symptom in two cases (70, 173). 

Convulsions occurred in 11 of the 27 cases (41 per cent.) ; eight patients (73 per 
cent. of the patients with fits) had major convulsions, and two of these patients 


died (25 per cent.) ; the mortality among patients who had fits of any sort was 


18 per cent. Most of the cases of mumps encephalitis were febrile, usually in 
the early phase of the disease. In uncomplicated cases the temperature soon 
returned to normal, but convulsions or complicating infections prolonged the 
fever. Ataxia was reported in four cases (15 per cent.): in one patient it was a 
transient feature, and in three a major feature, of multifocal encephalitis. One 
patient of the latter group continued to have considerable disability as a result 
of ataxia, three years after the acute illness. No cases of sensory ataxia were 
recorded. Nystagmus was reported in two patients only, one of whom also had 
definite cerebellar ataxia. Diplopia was recorded in two patients, both of whom 
showed signs of lateral rectus palsy. Dysarthria was seen in four patients, two 
of whom had cerebellar ataxia. Mutism in a state of clear consciousness occurred 
in two cases, and transient aphasia was reported in three patients, one of whom 
also had a right-sided hemiplegia. 

Nine patients had hemiplegia (33 per cent.), and none of them died. In five of 
these cases the paralysis was transient, being a feature of a multifocal encepha- 
litis in three. In one of these three cases a transient left hemiplegia was followed 
by persistent spasticity of both legs and of the right arm. The two other patients 
with transient hemiplegia had an illness resembling ‘infantile hemiplegia’, with 
complete recovery, although one of them, a boy of 11 months, had two recur- 
rences within two years, and was finally left with a persistent spastic hemiplegia 
(205) (compare the report by Subirana and Oller-Daurella (381) of a similar 
relapsing case). Persistent hemiplegia, after the acute phase of the illness had 
subsided, was found in four cases, in three of which it was clearly part of a 
multifocal encephalitis, but in one the condition resembled ‘infantile hemi- 
plegia’, with paralysis ushered in by convulsions. Tetraplegia occurred in three 
cases (11 per cent.), two of which proved fatal. In the patient who survived, 


: 
* 


470 H. G. MILLER, J. B. STANTON, AND J. L. GIBBONS 


a flaccid tetraplegia was revealed on recovery from coma in the course of a 
multifocal encephalitis, and power was gradually recovered from the feet up- 
wards. The two fatal cases of tetraplegia began as ‘acute ascending paralysis’, in 
which symptoms and signs of brain involvement appeared terminally. Both 
these patients had flaccid paralysis, with loss of reflexes, but only one had 
sensory loss. Autopsy showed cerebral and spinal-cord lesions, and these cases 
represent a combined encephalomyeloradiculitis. Paraplegia was seen in three 
patients (11 per cent.), in two of whom it went on to tetraplegia (see above) ; 
in the other patient it followed a transient left hemiplegia (see above). Mono- 
plegia was noted in two cases: in one there was a transient weakness of the 
right leg, and in one fatal case there was weakness of the left arm (406). 

Data with regard to disturbance of muscle-tone are incomplete, but specific 
changes are recorded in 11 cases. Three patients had increased tone with 
exaggerated tendon-reflexes ; six had increased tone, five with diminished ten- 
don-reflexes ; and variable changes of tone were recorded in two more patients, 
both with diminished tendon-reflexes. Changes in the reflexes are again not 
always fully described, but where details are available the following points 
emerge: the deep reflexes were increased in 11 patients, five with hypotonia and 
two with variable tone, and were unequal in two patients, one of whom was 
hemiplegic. The plantar responses were described in 20 cases, three-quarters of 
which showed a Babinski response on one or both sides. The abdominal re- 
sponses were described in a few cases only. They were all absent in four patients, 
two of whom had bilateral extensor plantar responses, the other two having 
flexor responses. Sphincter disturbance was rarely mentioned, but was pre- 
sumably a frequent concomitant of disturbances of consciousness and of the 
pyramidal tracts. Incontinence of urine was reported specifically in two of the 
comatose patients, and in one case (ascending encephalomyelitis) faecal in- 
continence was reported as occurring in clear consciousness. Urinary retention 
with clear consciousness was reported in one case. Sensory loss was reported in 
one case only, that of fatal encephalomyeloradiculitis, in which there was sen- 
sory loss of transverse myelitic type below the level of the third thoracic 
dermatome. 

Visual impairment was reported, without further description, in one severe 
case (70), and blurred vision, with non-reacting dilated pupils ( ? bilateral third- 
nerve palsy) in another (371). Optic neuritis was described by Smith (371). 
Definite papilloedema was reported twice, in one case bilateral and in one 
unilateral. Ocular palsies were described in five cases (18-5 per cent.), with 
diplopia in two: one patient had bilateral and three unilateral abducens palsy, 
and the fifth was described as having strabismus. Anisocoria was mentioned in 
three instances. Among disturbances of the other cranial nerves trismus was 
reported in two cases, facial-nerve weakness in one case, and laryngeal palsy in 
one case. Bulbar signs occurred as a terminal event in one of the patients who 
had ascending encephalomyelitis. Dysphagia and irregularity of respiration 
occurred in two of the patients who survived. Involuntary movements were 
seen in three cases (11 per cent.), and comprised cerebellar intention tremor, 


PARA-INFECTIOUS ENCEPHALOMYELITIS 471 


athetoid movements in hemiplegic limbs, and choreiform movements in a 
hemiplegic arm. General restlessness was very common in unconscious and 
semi-conscious patients. Muscle wasting was not described among these cases. 

Information is available as to the duration of the illness in the six fatal cases: 
it lasted two anda half, three, four, eight, nine, and 10 days. The patient reported 
by Volpe (400) developed what was apparently a mild meningitis, four days after 


TaBLeE XI 
Cell Counts in the Spinal Fluid in 24 Cases of Mumps Encephalitis 
Cells Cases without 
per c.mm. All cases meningism Fatal cases 
0-5 3 an 
6-10 3 2 1 
11-20 3 1 1 
21-50 5 1 1 
61-100 1 1 
101-200 2 1 
300-500 6 3 2 
600-700 1 
Total 24 8 6 


parotitis and eight days before death. On the seventh day the child, aged seven 
years, had apparently made a full recovery, when he suddenly had major 
convulsions, became comatose, and died within 24 hours. Van Bogaert and 
Meunier (54) also described mumps meningitis in a man of 48 years, which was 
followed after a few days by a non-fatal multifocal encephalitis. Fatal mumps 
encephalitis, like that complicating measles, is therefore a short illness, not 
usually lasting more than a week. Relapsing cases, to which reference has al- 
ready been made above, have been reported by Jaso and by Subirana and Oller- 
Daurella (205, 381). Information is available regarding 14 patients who went on 
to full recovery or showed only minor sequelae, and the periods of disability are 
as follows: seven to 10 days (three cases); 11 to 15 days (five cases); 16 to 20 
days (two cases); 21 to 30 days (one case) ; five to six weeks (three cases). 

Changes in the spinal fluid. The usual finding in the cases of mumps en- 
cephalitis was a pleocytosis of between five and 700 cells per c.mm., with an 
almost invariable relative lymphocytosis of 90 to 99 per cent., although in one 
case, with 158 cells per c.mm., 80 per cent. were polymorphonuclear leucocytes. 
In the few cases in which serial counts were performed, the number of cells rose 
for a few days (in one case up to the 13th day), after which the count gradually 
fell to normal. The protein-content was usually moderately raised, but rarely 
over 100 mg. per 100 ml. Other constituents of the fluid showed no consistent 
changes. It is of interest that an encephalitic syndrome can occur with a normal 
spinal fluid and in the absence of meningism, an observation which may be taken 
to support the existence of a difference between the pathogenetic mechanisms 
underlying encephalitic and meningitic illnesses complicating mumps. The cell 
counts in 24 cases are set out in Table XI. 

Prognosis. The mortality in the group of cases reviewed here was six out of 27 
(22-2 per cent.). Of the 21 survivors nine (43 per cent.) recovered fully, five (23-7 
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per cent.) showed minor sequelae, and seven (33-3 per cent.) showed major 
sequelae, after the subsidence of the acute phase. Of the minor sequelae en- 
countered dysarthria (one case), slight weakness of the legs (one case), slight 
facial weakness (two cases), and bilateral abducens palsy (one case) were the 
main examples. The patients with major sequelae had but a short follow-up 
observation, only three being observed for more than a few months. The dis- 
abilities encountered were hemiplegia (two patients, aged 16 months and 20 
months), severe ataxia (two patients), coarse tremors and spastic triplegia (one 
patient, aged 10 years), hypotonia and choreiform movements (one patient, 
aged four years), and hemiplegia with eventual recovery after nine months 
(one patient, aged 21 years). Of the three patients followed up for over 12 
months, two (one with ataxia, aged 21, and one with hemiplegia, aged 21) had 
recovered in a year, but one (with ataxia, aged 24) was still disabled after 
three years. There are no details of disturbances of intellectual capacity or 
personality among the sequelae in these cases. The ages of the six patients who 
died ranged from five to 37 years, with an average age of 15-8 years. There were 
four fatal cases below the age of 16 years, and two over this age: of five cases 
under five years of age none was fatal. Of eight cases in the age-group five to 
nine years, three were fatal, and in the series under review this age-group had 
the highest mortality (37-5 per cent. compared with the rate of 22-2 per cent. 
for the whole group). The number of cases under review is too small, however, 
for such differences to be regarded as significant. The major sequelae were 
found in patients whose ages ranged from 16 months to 24 years, three being 
over 21 and two under two years of age. There are thus insufficient data to 
determine any correlation between age and the incidence of sequelae. 

As noted in the description of the clinical features, three out of 10 patients 
who developed coma died, although three others who died were not comatose at 
any time. One patient out of five who had both convulsions and coma died, and 
two out of 11 who had convulsions alone. Again the numbers are too small to 
prove a significant correlation between mortality and coma or convulsions, and 
similarly no useful information can be derived from an analysis of the occurrence 
of sequelae in relation to these two features, nor from considering the incubation 
period in relation to prognosis. There appears to be no correlation between the 
severity of the mumps and the severity of the encephalitis. 


Pathology of Mumps Encephalitis 

The pathology of mumps encephalitis has been reviewed in detail by Donohue 
(116), who concluded that all the undoubted cases coming to autopsy had shown 
the changes of perivenous encephalitis. In the series reviewed here, five of the 
six fatal cases came to autopsy. The first, described by Andrieu and Passa 
(7), showed congestion of the pia-arachnoid, but by ‘un accident de laboratoire’ 
histological examination was prevented. The other authors were more fortu- 
nate, and the details of their findings in the remaining four cases are given below, 
in order of duration of the illness before death. Wegelin (406) described the 
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case of a boy of eight years, who died three days after the onset of an en- 
cephalitic illness associated with mumps, in the course of which he had convul- 
sions, meningism, and weakness of the left arm. Examination showed oedema 
and congestion of the brain and as much of the cervical cord as was removed, 
with petechiae in the floor of the fourth ventricle. Microscopically there were 
changes apparent throughout, especially in the mid-brain, pons, and medulla. 


TABLE XII 


Distribution of Pathological Changes at Autopsy in Four Cases of Mumps 
Encephalitis 
Duration Perivenous 
of Infiltration Perivenous demyelina- Perivenous Nerve-cell 
illness Ocdema _ of veins infiltrate tion haemorrhage damage 
3 days + fe + + ++ ne 
4 days sis si + + +> + 
9 days ir ? + + of 


These took the form of congestion, with perivenous and pericapillary haemor- 
rhages and lymphocytic infiltration. A perivascular glial reaction was present, 
but not sharply limited, and there was severe demyelination in the glial foci. 
The ganglion-cells showed only rare chromatolysis. Plasma cells and leucocytes 

were infrequent. The meninges were congested, and showed lymphocytic in- 

filtration. In the other organs bronchopneumonia was the only abnormality. 

Two cases are reported in which death took place after an encephalitic illness 
of four days’ duration. Donohue (116) recorded the findings in a girl aged five 
years, who became delirious, sank into coma, and died. There was congestion of 
the brain, with narrow, pale yellow foci around some of the blood-vessels in the 
white matter of the cerebrum and cerebellum. Sections showed perivascular 
demyelination, with glial and mesodermal reaction, in the white matter of the 
hemispheres, cerebellum, brain-stem, and cord. In all these areas there was 
perivascular swelling and proliferation of astrocytes, and myelin damage was 
extensive, but was regarded as less severe than in the ‘usual’ case of post- 

infectious encephalitis. There was slight damage to nerve-cells in the dentate 
nucleus and in the grey matter of the cord. Perivascular haemorrhages were 
seen in the cervical cord. The meninges showed diffuse mononuclear infiltration. 
Parotitis, submandibular adenitis, and bronchopneumonia completed the posi- 
tive findings in this case. The second case is that of a girl aged 15, who died on 
the fourth day (56 hours after onset) of an ascending encephalomyelitis (351). 
Diffuse small areas of demyelination were found round the small and medium- 
sized veins, predominantly in the white matter. The walls of these veins were 
infiltrated by lymphocytes, plasma cells, and histiocytes ; outside the Virchow- 
Robin spaces there was microglial infiltration and fat phagocytosis. The axis- 
cylinders were equally affected. These changes differed in degree throughout the 
areas examined, but the cerebral cortex showed only congestion. The pia- 
arachnoid, choroid plexus, and nerve-roots were normal. Another case of 
ascending encephalomyeloradiculitis, in a man aged 37 years, who died on the 
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ninth day of illness, was reported by Silverman (365). He found mild peri- 
vascular demyelination and some glial proliferation. The changes were most 
marked in the cortex, and there was endothelial proliferation in many vessels. 
Ganglion-cells were normal. In the spinal cord there were early degenerative 
changes in the anterior horn cells, with perineuronal oedema. No record is given 
of the condition of the nerve roots. Parotitis and bronchitis were also present. 
The main pathological chan, es in the above four cases, all of which seem to show 
‘perivenous encephalitis’, are set out in Table XII. Donohue, in his review of the 
literature, found a similar case reported by Bien (42), but he rejected the case 
described by Urechia (396), in which the diagnosis of mumps seemed to be un- 
likely clinically, and the pathological changes included phagocytosis of blood- 
pigment in recent and old haemorrhages, suggesting a long-standing lesion. 
Bien’s case would make a total of five, all showing a pathological picture broadly 
similar to that described in the more fully documented group of measles 
encephalitis. 


Mumps Myelitis 

Four previously published cases of mumps myelitis were reported by McKaig 
and Woltman (251), and these authors described a further case of their own. We 
have found reports of seven further cases published since the date of that paper, 
and these are reviewed below (46, 149, 152, 180, 214, 230, 372). As usual, 
myelitic cases merge into the encephalitic group, and two cases in which myelitis 
was a feature of acute disseminated encephalomyelitis have been discussed in 
the sections dealing with mumps encephalitis. 

Myelitis occurred in seven cases, at ages ranging from six to 39 years. Four 
patients were male and three female. The range of latent periods was from three 
to 20 days, with an average of 10-5 days. Three cases could be classed as trans- 
verse cord lesions (all in the mid-thoracic region), while the other four patients 
had an ascending paralysis. The onset in most cases was fairly acute, with 
moderate but short fever. The initial complaints were of paraesthesiae in the 
legs (two cases), pain in the legs (two cases), root pains in the thoracic region 
(one case), weakness of a foot (one case), and retention of urine (one case). 
Paralysis occurred in all cases but one, in which there were reflex changes and 
retention of urine. The paralysis in each case involved the legs, and in addition 
one patient showed bulbar involvement, one paralysis of one arm, and two 
paralysis of both arms. In five patients hypotonia and loss of tendon-reflexes 
were present from the outset, while two showed increased deep reflexes at the 
earliest stage, with loss of reflexes later. Increased deep reflexes during the period 
of recovery were noted in two cases. The abdominal reflexes were retained in 
only one mild case, and the plantar responses were uniformly extensor, though 
after an initial period of absence in one case. Sphincter disturbance was usual, re- 
tention of urine occurring in three cases and incontinence of urine in four. Faecal 
incontinence was mentioned in two cases. Sensory changes were apparent in 
four cases, all showing a mid-thoracic level of sensory loss. In one case there was 
hyperaesthesia below the 10th thoracic segment, and in two mild cases there was 
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no sensory loss. Bulbar involvement—dyspnoea, dysarthria, and dysphagia— 
was noted in only one case (149). Other features included mild or moderate 
meningism (three cases), and herpes zoster, bilateral papilloedema, and a 
morbilliform rash, each in one case. One patient had transient haematuria and 
albuminuria. 

Changes in the spinal fluid consisted of a mild increase in protein, with posi- 
tive globulin tests, and a variable rise in the cell count. The cell counts ranged 
from five to 220 per c.mm., the figure being as a rule between 25 and 100 cells 
per c.mm., predominantly lymphocytes. There was no correlation between the 
cell count and the presence of meningeal signs. One patient with meningism had 
five cells, another without meningism 100 cells per c.mm. The cell count gave 
no guide to prognosis. None of the cases reviewed above was fatal. Haymaker 
(238) reported pathological changes in a fatal case of ascending myelitis from 
mumps, occurring at Fort Lewis during the war. He found typical perivenous 
demyelination and infiltration with scanty lymphocytes, and more abundant 
microglia in both brain and cord. Pathological changes were also found in the 
spinal cord in the cases of encephalomyelitis already referred to above. 


Mumps Polyradiculitis and Polyneuritis 

Polyradiculoneuritis is a rare but well-recognized complication of mumps, and 
several cases are included in the general review given by McKaig and Woltman 
(251). In 1898 Gallaverdin described tetraplegia, trunk paralysis, ataxia, and 
distal sensory loss following mumps in a woman of 30 years (301). In the more 
recent literature we have found six cases (85, 91, 201, 218, 249, 398). The features 
of these cases are considered below. 

Ages ranged from four years to 38 years, with an equal sex distribution. One 
male and one female patient died, aged 38 and 37 years respectively. The range 
of latent periods was six to 20 days, with an average of 11-3 days. The onset was 
fairly gradual in most cases, with sensory symptoms such as paraesthesiae in the 
limbs, and backache for a day or more before paralysis developed. Five patients 
developed a flaccid tetraplegia, but in only two was there an ascending paralysis. 
The remaining patient had a flaccid paraplegia. The distribution of paralysis 
within the limb muscles was clearly stated in only one case, in which it was 
described as involving the distal muscles more severely. Objective sensory loss 
was present in only three cases, and was confined to the periphery of the limbs, 
involving all forms of sensation in two instances, and in one instance posterior- 
column sensation only. In all cases the deep reflexes were absent, and the plan- 
tar responses either flexor or absent. Cranial-nerve involvement was found in 
five cases. Of the individual nerves, the facial was involved bilaterally in two 
cases, and unilaterally in two, the trigeminal (motor) unilaterally in one case, 
and the oculomotor (bilaterally) and the abducens (unilaterally) each in one case. 
Dysarthria and dysphagia were described in three patients, all of whom also had 
dyspnoea. One further patient had dyspnoea, without other signs pointing to 
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the brain-stem, and the nature of the breathlessness is not described. Incontin- 
ence and retention of urine were each described once. Meningism was found in 
two cases, and in another (fatal) case a brief meningeal illness preceded the 
polyneuritis. In addition to this group of six cases, three instances in which 
polyneuritis preceded the appearance of parotitis by three, six, and 14 days 
respectively were reported by Lamache and Dutrey (217), all the patients being 
men, and including one of the authors. One had paraparesis, one flaccid para- 
plegia, and one ascending tetraplegia with facial diplegia. Only one of these 
three patients had sensory loss (peripheral), but all had backache and limb pains. 
Recovery took place slowly. 

Two patients out of six died, a man aged 38 years and a woman aged 37 years 
(85, 201). Death occurred from respiratory failure, after illnesses lasting eight 
and 16 days. In the remaining cases the illness progressed for several days, and 
then remained stationary for a time. Recovery started after a static period of 
a few days to three weeks, and good functional recovery occurred in from one to 
three months, although the loss of reflexes usually persisted longer. Among 
these recent cases true permanent sequelae have not been described, although 
one patient had muscle wasting, and one of the patients reported by Lamache 
and Dutrey (217) still had a facial palsy after six months. The patient reported 
by Gallaverdin in 1898, and mentioned above, was re-examined by Paliard, 
Martin, and Berard (301) after an interval of 41 years, during the whole of 
which time she had been severely ataxic. She was found to have severe sensory 
ataxia, and astereognosis in both hands. All the tendon-reflexes were still 
absent. 

The spinal fluid was examined at an early stage in four of the cases reviewed 
here, and in two of the cases in which polyneuritis preceded parotitis (217). 
The changes consisted of a considerable increase in protein, with a much less 
marked increase in cells. This disparity approached an albuminocytological 
dissociation in two cases. Autopsy was performed in the fatal case reported by 
Cathala, Bertrand, Bolgert, and Auzépy (85). Considerable meningeal conges- 
tion was found, with a gelatinous exudate over the brain surface (the spinal 
fluid had been xanthochromic, with a protein-content of 240 mg. per 100 ml.). 
The brain, brain-stem, and cord were normal, but unfortunately the nerve- 
roots and peripheral nerves were not examined. 

Other peripheral neuropathies have been described after mumps, including 
mononeuritis. Facial paralysis is probably the commonest, and has been 
attributed to local involvement of the nerve in the parotid gland. Most of the 
cranial nerves have been implicated at one time or another, but some of the 
reported cases are more suggestive of sarcoidosis (101). Mumps deafness and 
labyrinthitis have been reported. Niedermeyer (290) has reviewed recent cases 
in which bilateral optic neuritis, ophthalmoplegia, brachial plexitis, circumflex 
neuritis, serratus-anterior palsy, and internal popliteal nerve palsy are variously 
reported, mostly at intervals of four to 19 days after the parotitis. Such com- 
plications may occur in patients of any age, and recovery is the rule, although it 
is not invariable. 
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Summary 


It appears probable that some of the neurological complications of mumps are 
similar to those occurring in measles, chicken-pox, and rubella, while the more 
frequent meningitis is the result of direct virus invasion of the meninges. In the 
former group, encephalitis, myelitis, and polyneuritis have all been reported, but 
are too rare for any statistical estimate of the incidence to be made. The 
clinical features, course, and prognosis of these complications seem to be broadly 
similar to those occurring after measles. The encephalitic cases are less rare 
than the others (about 78 per cent.), are more common in male patients, and 
have an average latent period from the time of appearance of the parotitis of 
7-2 days. The average latent period in myelitic cases was 10-5 days, and in 
polyneuritis 11-3 days. The mortality in cases of encephalitis is about 20 per 
cent., and fatalities have also been reported in cases of mumps myelitis and 
polyneuritis. The patients who succumbed to encephalitis all died within the 
first 10 days of the illness. Coma is probably of unfavourable prognostic signifi- 
cance. Two-thirds of the patients who recovered showed no sequelae, or only 
minor disorders. The pathological findings show a resemblance to those seen in 
measles encephalitis, with early damage to the blood-vessels passing later to a 
picture of perivenous encephalitis with demyelination. 


ScaRLET FEVER 
Neurological complications of scarlatina are unusual, and particularly diffi- 


cult to interpret, since they may represent not only complications of the disease 
itself, but also neurological disorders associated with other complications of 
scarlet fever such as otitis or nephritis. An attempt will be made here to assess 
the significance of the various neurological syndromes which have been reported. 

Rolleston (333), in a review of the literature dealing with this subject, found 
that 66 cases of hemiplegia had been recorded up to 1927, the most recent being 
in 1913. No less than 10 different hypotheses of pathogenesis had been 
advanced, the commonest being that of cerebrovascular accident of one sort 
or another, a view which was supported in some cases by post-mortem evidence. 
It might be expected that hypertensive encephalopathy accompanying acute 
nephritis would be responsible for some cases, and in fact 19 of these cases had 
been attributed to ‘uraemia’. In a series of cases of infantile hemiplegia, Ford 
and Schaffer (151) described one case which followed scarlet fever and was 
attributed to a degeneration of cerebral arteries, such as might occur in ‘any 
acute infection’. We have been unable to find any recent autopsy studies in 
similar cases which might clarify this point. Apart from hemiplegia, a medley 
of neurological syndromes has been recorded. Top and Gordon (394) saw 59 
patients with neurological sequelae among 17,311 consecutive cases of scarlet 
fever in Detroit. Thirty-six of these patients presented a meningeal reaction: 
five had meningism, four localized pachymeningitis, and 20 generalized purulent 
meningitis. Four had tuberculous and one meningococcal meningitis. Two 
patients developed serous meningitis with polymorphonuclear pleocytosis, in 
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association with bilateral suppurative otitis media. The same authors mentioned 
12 cases of ‘toxic encephalitis’ developing at the onset of infection, and 11 cases 
of encephalitis developing during convalescence. A similar variety of syndromes 
was encountered by Melin in a series of 18,426 cases of scarlet fever in Stock- 
holm (263). There were 23 patients with neurological complications: nine with 
purulent meningitis, 11 with ‘serous meningitis’ (attributed to otitis media, and 
other complications), one with ‘primary’ lymphocytic meningitis, and two with 
what was described, on rather inadequate grounds, as encephalitis. Stroe and 
Banu (380) reported 13 cases of meningoencephalitis in 10,200 cases of scarlet 
fever in Bucharest. Full details are not given, but two patients had transient 
hemiplegia, four showed choreiform movements during the acute phase, and 
five cases were merely instances of toxic delirium in the course of a severe 
scarlatina. The general incidence of all kinds of neurological complications in 
scarlet fever appears to be of the order of 1:293, 1:800, and 1:801, from the 
series reported by Top and Gordon (394), Stroe and Banu (380), and Melin 
(263) respectively. 

If all the cases are excluded in which direct infection of the nervous system by 
the streptococcus, spreading otitis media, or vascular changes associated with 
acute nephritis might be the responsible factor, then a motley group of cases 
remains comprising such clinical syndromes as aseptic meningitis, encephalitis, 
myelitis, polyradiculitis, and neuritis. These will be considered separately in 
detail, and an attempt will be made to assess their significance in the problem of 
para-infectious encephalomyelitis. 


Aseptic Meningitis 
If cases reported as ‘serous meningitis’ secondary to otitis media or lateral 
sinus thrombosis are excluded, a group of cases of lymphocytic meningitis is 
left which shows a remarkable clinical homogeneity (121, 220, 234, 263, 291, 
296, 384, 385). Some idea of the incidence can be gained from Sweet’s paper 
(384). This author reported the high figure of 24 cases of lymphocytic meningitis © 
among 2,490 cases of scarlatina seen in hospital in Washington. The incidence 
varied from 1:342 to 1:45 in different years since 1940. Lassen and Bang (220) 
saw 12 cases of lymphocytic meningitis (and six of pleocytosis in the cerebro- 
spinal fluid without symptoms) among 12,000 cases of scarlatina admitted to 
hospital in Copenhagen. Most of these cases occurred during the year 1939, which 
is important, as it was a year when no cases of paralytic poliomyelitis were 
seen. During the two years which had the highest incidence of poliomyelitis, 
these authors only saw one case of scarlatina with neurological complications. 
We have been able to find 46 published cases from which it is possible to 
determine the usual clinical course. There were 15 male and 18 female patients, 
and in the remaining 13 cases the sex was not recorded. The highest incidence 
was in the three-to-10 years age-group. None of these patients died. The latent 
period between appearance of the scarlet fever rash and onset of meningeal 
symptoms in 42 cases was from three to 20 days: 26 cases (62 per cent.) occurred 
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after a latent period of five to seven days, with an average period of 7-3 days for 
the whole group. The onset was fairly acute, usually when the temperature had 
fallen and convalescence seemed to be established. There occurred a second rise 
of temperature, often to 102° or 103° F., accompanied or followed shortly by the 
signs and symptoms of meningeal irritation, in which headache was the main 
symptom and vomiting fairly frequent. Stiffness of the neck and a positive 
Kernig’s sign were also usually found. Reflex changes were uncommon, and 
consciousness was impaired slightly, if at all. The fever and neurological signs 
usually subsided in the course of three to 10 days, and full recovery followed. A 
moderate or considerable pleocytosis (eight to 1,200 cells per c.mm.), with more 
than 90 per cent. lymphocytes, was usual in the spinal fluid. There was a 
moderate increase in protein, up to 100 mg. per 100 ml., in 60 to 70 per cent. of 
the cases. The other constituents of the spinal fluid were normal in most cases, 
and the cell count returned to normal within a fortnight. Attempts to grow 
organisms or viruses, or to demonstrate antibodies to any known virus, have 
failed in spite of repeated efforts. 

None of these patients died, and nearly all recovered completely. Two of 
Lassen and Bang’s cases (220) had facial palsy, from which they recovered, and 
one developed a squint, which persisted. More serious sequelae have not been 
reported. In eight cases there were other complications of scarlet fever: 
nephritis in one case, and polyarthritis in seven. Since no patient has died, the 
pathology is unknown. The aetiology is far from clear. Sweet (384) and Sweet 
and Lepper (385) considered that this disorder is more likely to follow severe 
scarlet fever, and in the former paper the distribution of cases was: severe, five ; 
moderate, three ; and mild, two. Figures from published European reports give: 
severe, two; moderate, five ; and mild, six. Sweet’s contention, therefore, is not 
borne out in European practice. Some, but not all, of the meningitic patients 
had received anti-scarlatina serum during the acute phase, and Sweet also re- 
ported two cases in which meningitis developed during the treatment of scarlet 
fever with large doses of penicillin. Generally speaking, the clinical features of 
this group resemble those of other forms of ‘benign lymphocytic meningitis’, 
and further efforts will no doubt be made to isolate a virus from such cases. 


Encephalitis 

The literature of the last 40 years contains reports of 22 cases which can 
justifiably be placed in this group (28, 52, 96, 107, 118, 126, 129, 138, 188, 199, 
208, 258, 261, 278, 281, 352, 384, 393, 394, 413). Reviews of the subject appear 
in the papers of Martin and Champion (261) and of Moller (278). The frequency 
of such cases is not easy to assess, but it is apparently low. Top and Gordon 
(394) saw 11 post-infectious cases of encephalitis out of 17,311 cases of scarlatina 
in Detroit—an incidence of 1:1,570, or 0-06 per cent. Stroe and Banu (380) 
reported 13 cases out of 10,200 cases of scarlatina in Bucharest—0-13 per cent. 
The latter figure is almost certainly too high. None of the cases is described in 
detail, and from the brief account given only one of the 13 cases appears to be 
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really acceptable, giving an incidence of 0-01 per cent. The ages of the patients 
have varied from two to 36 years. Eleven were male and 11 female. Three 
patients died—a mortality of 13-6 per cent.—two being female, aged eight and 
nine years, and one male, aged six years. The age and sex incidence is set out in 
Table XIII. The interval between appearance of the rash and onset of the 
encephalitic illness in 21 cases varied from two days before to 24 days after 


TaBLe XIII 
Age and Sex incidence in 22 Cases of Encephalitis complicating Scarlatina 


Age Male Female 
(years) patients (Deaths) patients (Deaths) Total (Deaths) 

0-2 1 1 
3-5 1 2 3 
6-10 4 (1) 5 (2) 9 (3) 
11-15 3 ns = 3 
16-20 1 1 
21 and over 2 vs 3 wa 5 ey 

Total 1] (1) 11 (2) 22 (3) 


development of the rash. The latent period in the three fatal cases was six, 17, 
and 20 days respectively. The average latent period is 8-7 days, and the length 
of the latent period bears no relation to the duration or course of the neuro- 
logical illness. 

Clinical features. The details available in the 22 cases show that the features 
of scarlatina encephalitis are as variable as those of other forms of para-in- 
fectious encephalitis. The onset was acute in eight cases, more gradual in 10, 
and insidious in the remaining three of those in which details are available. In 
the acute cases the most prominent features were vomiting (four cases), 
delirium (one case), convulsions (two cases), and coma (one case). Ten patients 
had a gradual onset of drowsiness, two became confused, and the earliest symp- 
tom in one case was photophobia. After this onset the illness followed a course in 
which signs and symptoms fluctuated from time to time, showing evidence of 
involvement of different parts of the brain. Headache presumably occurred 
often, but was specifically reported in nine cases (40-9 per cent.). Meningism 
was reported in 12 cases (54-5 per cent.) as a feature of the encephalitic illness, 
and vomiting—an early symptom—occurred in seven cases (31-9 per cent.), in 
five of which meningeal irritation was also present. Disturbance of conscious- 
ness was almost invariable, although in some cases it amounted only to undue 
drowsiness. Ten patients (45-5 per cent.) developed stupor, which lasted in some 
cases for several days, while coma was reported in eight cases (36-4 per cent.), 
including the three which were fatal. The mortality in comatose patients was 
thus 37-5 per cent. Coma lasted from a few hours in the fatal cases to several 
days in patients who recovered. Of the five comatose patients who survived, 
three recovered completely, but two had sequelae (ataxia). Five patients, two 
of whom died, had both coma and convulsions. Symptoms of toxic psychosis 
were reported in 10 cases, varying in severity from a mild confusion to restless 
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delirium. One patient had marked euphoria, and another exhibited palilalia 
without any other disturbance of speech. 

Convulsions occurred in nine cases (41 per cent.), and were generalized or 
focal. The mortality among patients with convulsions was two out of nine (22-2 
per cent.) ; both the patients who died had generalized convulsions. One patient 
who had major fits, and two who had myoclonic attacks, showed sequelae— 
cerebellar ataxia in all three cases. The patient who had focal convulsions had a 
right-sided Jacksonian attack late in the course of the illness, and weakness of 
the right leg was still present four months after all other signs had cleared (138). 
Ataxia was reported in eight cases (36-3 per cent.), and may be analysed as fol- 
lows: ataxia as a minor feature of multifocal encephalitis, one case ; ataxia as an 
incidental feature of multifocal encephalitis, five cases; ataxia as the main 
feature of multifocal encephalitis, two cases. The ataxia was of cerebellar type 
in all eight cases ; six of the patients also had dysarthria, and four had nystag- 
mus. All these eight patients had sequelae (see under Prognosis). Nystagmus 
occurred in seven cases (31-9 per cent.), in three of which no ataxia or other signs 
of cerebellar involvement were present. Diplopia was reported in one case only, 
and was due to an internal rectus palsy (52). Dysarthria was present in seven 
cases (31-9 per cent.), dysphasia in two cases, and palilalia in one case. 

An interesting point which immediately stands out is that hemiplegia did not 
occur in any of these 22 cases. Paraplegia occurred in four, including one fatal 
case, and in one of the survivors there was a persistent residual weakness of one 
leg. None of these patients had associated sensory disturbances. In one of 
the cases of paraplegia reported by van Bogaert, Borremans, Reusens, and 
Weyn (52) the patient also developed a persistent paresis, with wasting of one 
arm, suggestive of a myeloradiculitis. Alteration of muscle-tone was specific- 
ally reported in 12 cases, tone being decreased in six (in five of which there 
were signs of cerebellar disturbance), increased in four (the hypertonia in one 
case being of extrapyramidal type), and variable in two. Reflex changes were 
described in most cases. Three patients had exaggerated tendon-reflexes (two 
with hypotonia and one with increased tone), and four had diminished tendon- 
reflexes, two of the latter showing also hypotonia. The tendon-reflexes were 
unequal in three cases. The plantar responses were normal throughout in two 
cases, but in four cases there were bilateral extensor and in eight cases unilateral 
extensor plantar responses. The abdominal reflexes were described as absent in 
five cases. Sphincter disturbances were reported in 15 cases (68-2 per cent.): 
retention of urine occurred in five patients, and incontinence of urine or faeces 
in 10, nine of whom were in coma or stupor. Sensory loss was not described in 
any of the 22 cases. 

Visual impairment was reported in one case by Illingworth (199), complete 
blindness following bilateral optic neuritis with swollen disks. Unilateral papil- 
loedema occurred in one case. Medial-rectus palsy, lateral-rectus palsy, and 
unilateral ptosis each occurred in one case, and there was paralysis of upward 
conjugate movement in two cases. Pupillary changes (fixed pupils) occurred 
in two cases. Facial palsy was reported in two cases, but in one it was of 
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upper-motor-neurone type. Trigeminal motor paralysis occurred once (281). 
Signs of bulbar involvement—dysphagia and respiratory failure—occurred in 
two of the fatal cases, and two patients who survived also showed dysphagia. 

Involuntary movements were described in six cases (27-3 per cent.), and con- 
sisted of choreo-athetosis in four cases and tremor in two. In two of these cases 
there were also generalized convulsions. Muscle wasting occurred in two patients 


TaBLE XIV 
Cell Counts in the Spinal Fluid in relation to Meningism in 15 Cases of Scarlatinal 
Encephalitis 
Cells per c.mm. With meningism Without meningism 

0-2 2 3 

3-5 

6-10 1 l 

21-50 4 0 

51-100 1 1 

101-300 2 


who had persistent weakness of one limb. Other features recorded were hiccup 
(one case) and sialorrhoea (one case). Two patients had polyarthritis, and two 
had nephritis without significant hypertension. One patient, who had received 
antiserum, developed urticaria a few days later. Death in each of the three fatal 
cases occurred at the end of the third day. Nine patients recovered completely 
after an illness lasting between one and 12 weeks, the average duration being 3-9 
weeks. 

Changes in the spinal fluid. The cell-content ranged from two to 300 per c.mm., 
with a predominance of lymphocytes in most of the cases. In the case reported 
by Ferrand, Schaeffer, and Martin, however (138), there were 202 cells per 
c.mm., almost all polymorphonuclear, and in Dubois’s case (118), with 16 cells 
per ¢.mm., 40 per cent. were polymorphonuclear. The protein-content was 
normal in seven cases, raised to 50 mg. per 100 ml. in two cases, and to 120 mg. 
per 100 ml. in one case. The pressure was reported to be raised in one case. The 
fluid in every case was sterile. The cell counts, and their relation to meningism, 
are shown in Table XIV. 

Prognosis. Three of the 22 patients died (13-6 per cent.). Nine recovered com- 
pletely (40-9 per cent.), and the remaining 10 (45-5 per cent.) were left with 
sequelae of varying severity. In five cases these sequelae were not disabling, and 
consisted of spastic weakness of one leg (two cases), weakness and wasting of 
one arm (one case), weakness of the muscles of mastication (one case), and 
minimal signs of cerebellar deficit (one case). Further recovery may have taken 
place later in some of these cases. The remaining five patients showed severe 
residua: four had moderate or severe cerebellar ataxia, and two children in this 
group had some mental retardation ; in one case the ataxia was still present nine 
years later. The remaining patient suffered from agraphia and severe personality 
changes, necessitating admission to an institution. Apart from the three fatali- 
ties, all of which occurred in the six-to-nine-years age-group, age seems to bear 
no relation to prognosis. Coma and convulsions, as in other types of para- 
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infectious encephalitis, appear to be serious prognostic signs. The mortality 
among patients who became comatose was 37-5 per cent., compared with 13-6 
per cent. in the group as a whole. Coma occurred in all three fatal cases. The 
mortality among patients with convulsions was 22-2 per cent.; two of the patients 
who died had convulsions. Of five patients who had both fits and coma, two 
died. Duration of the illness shows no apparent relation to prognosis. Martin 
and Champion (261) found that there was no correlation between the severity of 
the exanthem and the neurological complications, 

Pathology. Pathological reports in cases of encephalitis in scarlet fever are, of 
course, rare. Two of the fatal cases in the series reviewed above came to autopsy, 
each after an encephalitic illness lasting three days. Toomey, Dembo, and 
McConnell (393) reported that in their patient the ventricles were full of clots, 
and there were numerous large and petechial haemorrhages in the brain sub- 
stance. On microscopical examination many of the blood-vessels were seen to 
be occluded by recent thrombi, and they were often surrounded by zones of 
haemorrhage. There was degeneration of the blood-vessel walls, and an al- 
buminous exudate in the perivascular spaces. There was some oedema of the 
cerebral hemispheres, and sparse infiltration with leucocytes. Winkelman 
(413) reported that in his patient the meninges were congested and showed some 
infiltration by histiocytes. The cerebral cortex showed considerable cell destruc- 
tion and degeneration, but the architecture remained intact. The small vessels 
showed endothelial swelling, and perivascular infiltration occurred in associa- 
tion with this swelling or separately. In the subcortical white matter the veins 
were surrounded by cuffs of lymphocytes and plasma cells, with infiltrating 
microglia and phagocytic cells in the more peripheral zones. The surrounding 
white matter was completely destroyed, these areas showing a gradual fading 
into normal tissue. The brain-stem showed vascular and glial changes, especially 
in the white matter. In the spinal cord there was severe perivascular demyelina- 
tion, with marked gliosis, in the anterior margins of the cord. There was some 
loss of neurones in the anterior horns, and organized blood-clot was seen in some 
vessels in the spinal nerve-roots. 

In addition to these two cases there is a report by Grinker and Stone (173) on 
the autopsy findings in a case of ‘acute toxic encephalitis’ in a child 16 months 
old, who died of acute and fulminating purpura three weeks after scarlet fever. 
There had been no clinical signs of encephalitis. Autopsy showed meningeal 
congestion, with infiltration of the walls of the cerebral vessels by large round 
cells. There was perivascular oedema. Capillaries were undergoing prolifera- 
tion and budding, and there was profuse glial proliferation. The ganglion-cells 
showed diffuse damage, and there was widespread neuronophagia. Cerebral 
haemorrhage was not found. Ferraro (139) reported a case in which a progres- 
sive neurological illness developed two weeks after scarlet fever, and ultimately 
led to tetraplegia and death 12 months later. Autopsy showed areas of softening 
in the brain, with widespread demyelination, especially surrounding the vessels, 
perivenous infiltration with lymphocytes and histiocytes, and granuloma-like 
areas containing multinucleated giant cells. 
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The interpretation of such sparse and divergent pathological findings is not 
easy. Winkelman’s (413) case appears to show changes typical of a severe 
perivenous encephalomyelitis, and is of considerable importance in this con- 
nexion. It should be mentioned, however, that the patient was a Negro, al- 
though the author was confident that the diagnosis of scarlet fever was correct, 
since it had been made by experienced clinicians familiar with this diagnostic 
hazard. Ferraro (139) argued that the changes he reported in the case mentioned 
above were allergic in nature, in response to the original attack of scarlet fever. 
This view may well be correct, but the clinical course of the illness was not 
typical, and no similar case has been reported after scarlet fever. In summary, it 
may be said that little assistance can be obtained from the reported autopsy 
findings in these cases. It is interesting that van Bogaert, who in his 1932 paper 
regarded the neurological complications of scarlet fever as allergic, has more 
recently (50) proffered the term ‘acute toxic encephalopathy’ for these cases, 


holding that the pathological changes found do not justify the use of the term 
encephalitis. 


Myelitis 

Only two cases reported in recent years fall into this category. The patients 
were male, aged eight years and 37 years, and neither died. Paine and Byers 
(300) gave a brief report of a case of a boy of eight years old who, seven days 
after the onset of scarlet fever, had a second rise of temperature and complained 
of pains in the legs. A complete tetraplegia developed quite rapidly, with weak- 
ness of the trunk muscles, general increase of reflexes, and retention of urine. 
There was no sensory loss. Recovery was slow and incomplete, and after 16 
months his condition was still disabling enough for orthopaedic treatment to be 
undertaken. The authors themselves suggested that the condition might be a 
result of occlusion of the anterior spinal artery. A more convincing case was re- 
ported by Miller and Evans (274). These authors described the case of a man 
aged 37 years who developed paraesthesiae and sensory loss below the waist, 
with weakness of both legs, while a scarlet fever rash was fading. Improvement 
was slow, but reasonable functional recovery had taken place in six months. 
When examined by the authors 14 years later, he still complained of stiffness 
and weakness of the legs and frequency of micturition. Examination revealed 
a spastic paraparesis with bilateral extensor plantar responses. The pathology 
of cases of scarlet fever myelitis is not on record. Winkelman’s case of en- 
cephalitis following scarlet fever showed, in addition to the changes in the brain, 
areas of perivascular demyelination, marginal gliosis, and some loss of anterior 
horn cells in the spinal cord (413). 


Polyradiculitis 
Six cases of polyradiculitis after scarlet fever have been reported (56, 83, 183, 
220, 320, 361). There were five female patients, aged five, nine, 11, 16, and 44 
years, and one male patient aged four years. None of these patients died. The 
latent period was long in the four cases in which details were given, being 24, 24, 
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and 42 days, and ‘about six weeks’ respectively from the time the rash appeared. 
An aetiological relationship with scarlet fever in the last two cases is perhaps open 
to question. All six patients developed a flaccid tetraplegia during a period of 
four to 10 days, and in four cases the paralysis was of the ascending type. Facial 
diplegia was reported in two cases, dysarthria in two cases, and phrenic paralysis 
in one case. Sensory symptoms—pain and paraesthesiae—occurred at the onset 
in two cases, and peripheral sensory loss in the limbs was observed in two cases. 
Two further patients, in whom definite sensory loss was not demonstrated, were 
said to be ataxic. In all cases there was hypotonia and loss of reflexes. The 
course was usually progression for a period of four to 10 days, followed by a 
stationary period lasting one to three weeks, after which recovery took place and 
was complete within two to four months. Only one patient showed sequelae— 
wasting of one leg with persistent foot-drop. Changes in the cerebrospinal fluid 
were reported in four cases. In two the cell count was normal and protein in- 
creased to 100 mg. and 526 mg. per 100 ml. respectively ; in the other two there 
was a moderate pleocytosis (four and 16 cells per c.mm.) with a normal protein- 
content. 

Associated nephritis occurred definitely in one of the cases, and possibly in 
another. In neither case was there any evidence to suggest that the paralysis 
was of the hyperkalaemic ascending type described by Symonds (387). Patho- 
logical findings in such cases have not been reported. Occasional neuritic com- 
plications have been reported in scarlet fever. Melin (263) described a case in 
which a right facial palsy developed, to be followed after a few days by left 
facial palsy. Lassen and Bang (220) observed bilateral optic neuritis in a girl 
of 18 years with scarlet fever and polyarthritis, with subsequent complete re- 
covery. Adams (2) described bilateral optic neuritis, occurring first on the left 
side and then on the right, together with paralysis of some of the extrinsic 
muscles of the eyes. The patient, however, had nephritis, and the complications 
described did not occur until five weeks after the attack of scarlet fever. 


Summary 


The incidence of neurological complications of all types in scarlet fever ap- 
pears to be of the order 1: 293 to 1:801. A number of factors are responsible for 
the production of these complications, which form a very heterogeneous clinical 
group. Purulent meningitis following invasion of the meninges by the strepto- 
coccus or secondary infecting organisms, ‘serous meningitis’ accompanying 
otitis media and intracranial venous thrombosis, hypertensive encephalopathy 
associated with acute nephritis, and ‘toxic encephalitis’ with acute vascular 
degeneration, have all been described, and might have been expected on a priori 
grounds. If these cases are excluded, there remains a group of cases comprising 
such clinical syndromes as ‘aseptic meningitis’, encephalitis, myelitis, and 
polyradiculitis. The meningitic cases resemble those of ‘benign lymphocytic 
meningitis’ occurring apart from scarlet fever, such as those in which a virus is 
held responsible (for example, mumps and the Coxsackie virus). The incidence 
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of such a syndrome complicating scarlatina ranges from 1:45 to 1:1,000 in 
different series of cases, and it is more common than illnesses of the encephalo- 
myelitic group. The remaining cases of encephalitis, myelitis, and polyradi- 
culitis bear certain resemblances to analogous syndromes occurring in other 
specific fevers. Their occurrence is rare, however, the incidence of encephalitis 
being between 0-01 and 0-06 per cent., and the number of fully reported cases 
with autopsy findings is too small to permit identity of pathogenesis to be 
definitely assumed. 


PERTUSSIS 


This section does not purport fully to review the extensive literature dealing 
with the neurological complications of pertussis, but merely to present sufficient 
data to justify our contention that they differ both clinically and pathologically 
from the post-infective disorders already considered in this paper. It does not 
of necessity follow that their aetiology is also different. A summary of the 
clinical features of pertussis encephalopathy (the justification for this un- 
attractive term will be found in the section on pathology) has been made by a 
review of the findings in several series of cases reported since 1930. It was felt 
that more accurate general conclusions about age, mortality, and the like could 
be drawn from series than from individual case reports. Adequate information 
was available in 12 reported series (31, 119, 129, 167, 171, 178, 211, 222, 238, 266, 
278, 356). Excellent accounts of clinical features have been published by 
Litvak, Gibel, Rosenthal, and Rosenblatt (238), Graffar (167), and Habel and 
Lucchesi (178). The historical aspect has been well covered by Nelson, who 
cited Barrier as the author of the first case report in 1842 (289). 

Encephalopathy is the only common neurological complication of pertussis, 
but its incidence is impossible to assess, because the figures available are based 
only on the incidence among patients with pertussis admitted to hospital. These 
figures vary from 0-8 per cent. (238) to 2-5 per cent. (31), 10 per cent. (411), and 
even 14 per cent. (134). Spence, Walton, Miller, and Court (375) saw no case of 
encephalitis among 100 cases of pertussis in infants in 1947, This would argue a 
low incidence, since the neurological complications of pertussis are undoubtedly 
commonest in the first year of life. A second difficulty derives from the different 
diagnostic criteria used. As Litvak, Gibel, Rosenthal, and Rosenblatt (238) 
pointed out, the mere occurrence of a single convulsion in a child with pertussis 
does not justify the diagnosis of encephalopathy. The term ‘latent period’ is 
not really applicable, since almost all cases occur while the disease is still active. 
It is customary to state the week of the paroxysmal stage in which neurological 
signs first appeared. Such information is available in 97 cases of the collected 
series. The highest incidence (39 per cent.) was in the third week, and 72 per 
cent. occurred between the second and fourth weeks. These figures support the 
conclusions of most authors, although Comby peére et fille (97) claimed that most 
cases develop in the fifth and sixth weeks. Occasional cases have been reported 
during the catarrhal stage (40, 171). Data are available of sex in 88 cases, of 
which 36 (41 per cent.) occurred in male and 52 (59 per cent.) in female patients. 
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The age was stated in 123 cases: 97 patients (79 per cent.) were less than two 
years old, and 69 (56 per cent.) less than one year old. Twenty-one (17 per cent.) 
were aged between two and five, and only five (4 per cent.) six years and over. 
These figures confirm the general belief that pertussis encephalopathy is a disease 
of early childhood, and at once distinguish it from post-infective encephalitis. 
Clinical features. Pertussis encephalopathy is in most cases a stereotyped ill- 
ness, well described by the name of pertussis eclampsia. During the paroxysmal 
phase, usually between the second and fourth weeks, the child suddenly 
develops a series of convulsions, more often general than focal. There follows 
coma or deep stupor, lasting a few hours or many days, and often disturbed by 
further convulsions. Neurological signs are variable, but usually symmetrical. 
Deep reflexes and muscle-tone may be increased or decreased ; plantar responses 
are extensor. Death may occur after a few hours’ illness, or after many days of 
unconsciousness. When signs of focal brain damage appear, they are almost 
always motor. Hemiplegia is commonest, followed in frequency by aphasia 
and monoplegia. Cranial-nerve paralysis and papilloedema are uncommon, and 
sensory defect and ataxia exceptional. Such defects may persist as permanent 
sequelae, or may disappear entirely as recovery proceeds. In the collected series 
convulsions occurred in 90 per cent., and coma (other than immediately post- 
ictal) in 84 per cent. of cases. The incidence of hemiplegia, transient or per- 
manent, in both fatal and non-fatal cases, varied from series to series, from 20 
per cent. (31, 115) to 4-8 per cent. (178). Dubois, Ley, and Dagnelie (119) and 
Graffar (167) saw no hemiplegia in eight and five cases respectively. Single case 
reports of hemiplegia have occasionally appeared (102, 227, 317). In fatal cases 
pathological changes have been found in both hemispheres (115). Variations in 
the clinical picture occur, and Moller (278) made the most interesting observa- 
tion that such variations are more frequent in older children. As will be seen 
from the figures quoted above, some cases have occurred without convulsions, 
and others with only brief post-ictal loss of consciousness. The appearance of 
neurological signs in the fully conscious patient is, however, quite rare. Other 
features have been described in individual case reports. Kokken (212) reported 
one of the few cases of ataxia, in a boy of three years who developed a combina- 
tion of cerebellar ataxia, loss of reflexes, and extensor plantar responses, without 
significant disturbance of consciousness. At that time he could find only four 
published case reports of pertussis ataxia. Later Griffith (172) reported a case of 
apparently pure cerebellar ataxia in a girl aged 18 months. Optic neuritis was 
reported by Hogg (193), and the subject of blindness in pertussis was discussed 
by Lazarus and Levine (226). Tetraplegia occurred in cases reported by Eley 
(129) and Pierret and Breton (315), and combined hemiplegia and monoplegia of 
the opposite arm by Lindo (236). Paraplegia seems to be extraordinarily rare, 
but has been reported (314, 315). Spinal-cord signs have hardly ever been noted, 
and typically encephalomyelitic illnesses do not seem to occur. Sphincter dis- 
turbance is uncommon in the absence of disturbed consciousness, and sensory 
disorder is exceptional. 
A very rare form of pertussis encephalopathy has been fully described by Ford 
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(148, 149). A girl of one and a half years developed a prolonged illness charac- 
terized by intense muscular rigidity, increased reflexes with flexor plantar 
responses, mutism, and no response to visual or auditory stimuli. There was 
hardly any spontaneous movement, and the child seemed decerebrate. Death 
occurred after six months, and autopsy showed that she was almost decorticate. 
Psychological disorders during the acute phase are difficult to detect and inter- 
pret in infants, but in older children the changes have been those of the organic- 
reaction type. 

The cerebrospinal fluid is usually normal. The pressure is sometimes increased, 
and there may be a slight to moderate lymphocytic pleocytosis. The blood 
shows the lymphocytosis of pertussis, and not the polymorph leucocytosis of 
post-infective encephalitis. 

Myelitis is usually mentioned in the lists of possible syndromes (128, 278), but 
it is certainly excessively rare, and one may doubt if it occurs at all. Devic, 
Jeannin, and Bonnand (114) and Fucci (155) described cases of flaccid paralysis 
of a leg. There was no sensory loss, and poliomyelitis cannot be excluded. Ber- 
toye and Devic (41) saw a boy of five years with spastic paraplegia in the absence 
of cerebral signs: he had, however, received three injections of pertussis vaccine 
before any neurological signs appeared. There appears to be no report of poly- 
radiculitis in the available literature since 1930, but unilateral brachial plexitis, 
with paralysis and sensory loss, was described by Cathala, Bastin, Le Tan 
Vinh, Straus, and Chavelet (84) in a boy of 10 years. We believe that the ex- 
treme rarity of such non-cerebral complications is another argument in favour 
of the distinct character of pertussis encephalopathy. 

Prognosis. Litvak, Gibel, Rosenthal, and Rosenblatt (238) have stated that 
about a third of the patients die, a third show residual signs, and a third recover 
fully. In fact the mortality varies in different series from 87-5 per cent. (171) to 
40 per cent. (238). It is notable that while antibiotics have reduced the over-all 
mortality of pertussis, in the experience of the last-mentioned authors the 
mortality in pertussis encephalopathy has remained unchanged. Case reports 
of successful treatment with streptomycin (356) and broad-spectrum antibiotics 
(102, 227) are unconvincing. The incidence of sequelae among survivors is also 
variable. Eleven of Eley’s 14 patients (129) showed sequelae, but all of Ellison’s 
24 survivors (131) recovered completely. Habel and Lucchesi (178), Latorre 
and Perez (222), and Litvak, Gibel, Rosenthal, and Rosenblatt (238) found 
sequelae in 11 out of 39 patients (28 per cent.). The commonest after-effects are 
mental retardation, epilepsy, and spastic paralysis, especially hemiplegia. Ataxia 
and optic atrophy were noted by Litvak, Gibel, Rosenthal, and Rosenblatt ; un- 
usual sequels reported in individual cases include cerebellar ataxia (172), 
Parkinsonism (40), flaccid paraplegia (315), and idiocy (332). Lurie and Levy 
(247), in a retrospective survey of 500 ‘behaviour problem’ children in Philadel- 
phia, claimed that pertussis had been the cause in 34 of them. All authors agree 
that the prognosis, at least guoad vitam, is very much worse in children under 
two years. 

Pathology. A historical survey was published by Nelson (289), and Dolgopol 
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(115) has covered the whole subject in a classical paper which includes details of 
15 personally observed cases. The pathology was for long obscure. In spite of 
the assertion by Comby (96) that the typical findings are those described by 
Greenfield in measles encephalitis, the entire available literature contains only 
one report of perivenous encephalitis, by Moéller (278). His description is brief, 
and his pathological diagnosis has been strongly criticized by Lhermitte (235). 

There is no constant finding in all cases of pertussis encephalopathy, and some 
show no changes at all (149). The meninges are usually oedematous, and 
occasionally show mononuclear infiltration (115). The brain changes, largely 
limited to the cerebral hemispheres, are vascular and degenerative. A frequent 
finding is the presence of numerous small perivascular haemorrhages (115, 119, 
238), sometimes with swelling of the capillary endothelium (264). Small sub- 
arachnoid haemorrhages, insufficient to cause death, are not uncommon, but 
massive haemorrhage is exceptional. The small cerebral vessels often contain 
plugs of lymphocytes, which are rarely found in organs other than the brain 
(115, 238, 264). Pericellular oedema is often seen, but the most characteristic 
nerve-cell lesion is eosinophilic degeneration, first recorded in pertussis by 
Husler and Spatz (198), but previously noted in other conditions by Spielmeyer 
(376). This phenomenon, in which the cells stain intensely with eosin but have 
lost their affinity for basic aniline dyes, is seen most often in the pyramidal cells 
of the hippocampus and the Purkinje cells of the cerebellum. The change is not 
specific, and has been noted in various infections, in epileptics, and after general 
anaesthesia (115). It is plausibly attributed to anoxia, and often termed 
‘ischaemic cell change’. Inflammatory reaction is slight and inconstant, and 
seems always secondary to haemorrhage. Demyelination, which is rarely re- 
corded, also appears to be secondary to haemorrhage (115). Dolgopol (115) felt 
that ischaemia, the result of vasomotor stasis, could account for all the changes, 
and that the term ‘encephalitis’ was unjustifiable. The importance of stasis has 
also been stressed by Hiller and Grinker (189), and by Mdller (278), who speaks 
of ischaemic encephalopathy. All authors agree that H. pertussis is not found 
in the brain, and the organism found in the spinal fluid in a case of ‘ pertussis 
meningitis’ was presumably the more adventurous H. influenzae. In Ford’s un- 
usual case (148), already referred to, there was massive, diffuse, symmetrical 
disappearance of cortical nerve-cells, with swelling of astrocytes and oligoden- 
droglia, but little glial proliferation. The basal ganglia were less severely 
involved, and the brain-stem and spinal cord were normal. There was no in- 
flammatory reaction, and the remaining nerve-cells did not show eosinophilic 
degeneration. Also unusual were the changes reported by Askin and Zimmer- 
man (15), who found widespread collections of small mononuclear cells, with 
very occasional polymorphs, in the cerebral hemispheres. Vessels and nerve- 
cells were normal, and oedema slight. No similar case has since been reported, 
and Moller suggests that it was due to an intercurrent virus infection. 

The various theories of aetiology have been discussed by Ellison (131), 
Graffar (167), and Keil and Seldeslachts (211). The older notions of tetany, air 
embolism, and the like are untenable. H. pertussis has not been shown to 
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produce an exotoxin, and the intracerebral injection in animals of material pre- 
pared from dead bacilli produces different changes (146). Modern opinion up- 
holds the ischaemic hypothesis, ischaemia being considered to be due to vascular 
spasm, or more probably to mechanical stasis. Keil and Seldeslachts, however, 
have remarked that a similar clinical syndrome may follow the injection of 
pertussis vaccine. They suggested that the aetiology is the same in the two 
disorders: either a direct effect of endotoxin liberated from dead bacilli, or an 
antigen-antibody reaction (211). The available information about the pathology 
of pertussis-vaccine encephalitis is confusing (275), but the appearances seem 
to differ from those found in pertussis itself. Similarly the histopathology of 
typhoid encephalitis (331) appears to be different, at any rate in most instances, 
from that of encephalitis following administration of T.A.B. vaccine (160). 


Summary 


Serious encephalopathy may complicate pertussis with a frequency difficult 
to assess. The figures given by different authors vary from 0-8 per cent. to 14 
per cent. About 80 per cent. of cases occur in children below the age of two years. 
The illness is usually acute in onset, general or focal convulsions being followed 
by deep coma. The signs are usually symmetrical, and involve the motor path- 
ways. Motor signs of focal brain damage may occur, but sensory deficit or 
ataxia are exceptional. Death may occur after a few hours’ illness, or may 
follow many days of unconsciousness. At least one-third of the patients die ; 
another third have serious sequelae, such as mental deterioration and behaviour 
problems, convulsions, and hemiplegia. Myelitis and radiculitis are excessively 
rare, if indeed they occur at all, as complications of pertussis. The pathological 
findings are confusing, and are not those of post-infectious encephalitis. They 
are best described as ‘acute vascular encephalopathy’, and may be anoxic in 
origin. 


Appraisal of Neurological Syndromes complicating Mumps, Scarlatina, and 
Pertussis 

In any attempt to compare the neurological complications of the three infec- 
tious diseases considered in this part of the review, it becomes clear at the outset 
that those of pertussis stand quite apart both clinically and pathologically. They 
bear no resemblance to the complications of mumps and scarlatina, nor to the 
post-infective encephalitis of measles, varicella, and rubella. In respect of 
scarlatina, the position is obscured by the occurrence of neurological disorders 
which are more properly regarded as sequelae of scarlatina complications than 
of scarlet fever per se. When these disorders are excluded, however, the remain- 
ing group of neurological illnesses complicating scarlet fever is seen to bear dis- 
tinct resemblances to those occurring in mumps. In both diseases lymphocytic 
meningitis is the commonest disorder. In mumps this is considered to be the 
result of invasion of the meninges by the mumps virus. Attempts to isolate 
a virus from similar cases complicating scarlet fever have been unsuccessful. 
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Should a virus be isolated, however, then ‘aseptic meningitis’ complicating 
scarlet fever will have to be regarded as yet another secondary complication, 
and will thus be in a different category from meningitis complicating mumps, 
where the causative organism of the disease is itself probably responsible for the 
meningeal inflammation. A closer similarity exists between the encephalitic, 
myelitic, and polyradicular syndromes which occur in both diseases. Here the 
same pattern of distribution of syndromes, of latent periods, and of clinical 
features can be detected in each instance. Available case reports are, however, 
too few for this clinical similarity to be stressed, and no more than mention 
should perhaps be made of the resemblance of this syndrome complicating 
mumps and scarlet fever to the post-infectious encephalitis of measles, varicella, 
and rubella. Pathological confirmation of the occurrence of perivenous en- 
cephalitis is available in mumps, but in scarlatina it is only certain in a single 
instance, while data of a conflicting nature or of doubtful interpretation occur in 
both diseases. While some cases of meningoencephalitis complicating mumps 
may be due to invasion of the parenchyma by the mumps virus, there is evidence 
to suggest that a pathogenic mechanism similar to that responsible for the post- 
infectious encephalitis of measles also operates sometimes in mumps. 
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PART III 
DISCUSSION AND CONCLUSIONS 


How far do the observations set forth in the preceding pages enable us to 
answer the questions posed in the introduction to this paper ? 

With regard to incidence, we can say with reasonable accuracy that one case 
of encephalitis occurs in approximately every thousand patients with measles, 
but that the incidence of this complication in rubella is appreciably less. The 
figure for varicella is probably closer to that for measles than to that for rubella. 
Although in each instance mixed and intermediate neurological syndromes occur, 
the great majority of neurological complications occurring in these three specific 
fevers are frankly encephalitic. Myelitis and polyradiculitis combined account 
for less than one in 10 of all cases. In each instance encephalitis occurs earliest 
in the course of the exanthem, polyradiculitis having a much longer latent period, 
with myelitis occupying an intermediate position. For each syndrome the latent 
period is appreciably longer in the case of varicella, while rubella encephalitis 
appears to have the shortest latent period. Measles encephalitis and rubella 
encephalitis have a mortality of one in five, varicella encephalitis of one in 10 
cases. This difference is related to a lower incidence in varicella of coma, con- 
vulsions, hemiplegia, and extensor plantar responses, all of which are bad 
prognostic signs, and to a considerably higher incidence in this condition of 
cerebellar syndromes of less serious prognosis. Most of the patients who succumb 
to encephalitis complicating any of these fevers do so within the first three days 
of the illness, and in the case of rubella (of which, however, there are only 15 
recorded fatal cases) this has invariably been the case. 

The encephalitis of measles and rubella affects male and female patients 
equally, but shows an appreciably higher mortality in female patients. Varicella 
encephalitis appears to be appreciably commoner in the male, and to have a 
considerably higher mortality in male patients. In all these fevers encephalitis 
occurs more often in older sufferers. Since the age incidence of rubella is higher 
than that of either of the other two fevers, rubella encephalitis affects a dis- 
proportionate number of adolescents and young adults. Only in the case of 
measles are adequate figures available with regard to sequelae. This is largely 
due to the much more extensive literature relating to this condition, but such 
evidence as is available suggests that sequelae are least frequent after rubella 
(which tends to be an explosive illness but, when survived, to lead to rapid re- 
covery), with varicella occupying an intermediate position. In measles, at any 
rate, grave sequelae are more prone to occur in the younger patient, especially 
below the age of five years. Cases of varicella or rubella encephalitis below this 
age are less common, and this may partly account for the smaller number of 
grave sequelae on record. In measles the mortality, as opposed to the incidence 
of sequelae, is commonly higher among the older patients. Spinal-fluid changes 
are similar in each instance. The usual finding is a lymphocytic pleocytosis 
without any marked rise in protein-content, but in one in five of all cases the 
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fluid may be perfectly normal. Changes in the spinal fluid bear no relation to 
the severity of the illness, the presence or absence of meningism, or prognosis. It 
is of interest to note that the figures for varicella are quite comparable to those 
of measles or rubella encephalitis, particularly since the view has been put for- 
ward that the encephalitis of chicken-pox may be different in nature from that 
which complicates the other two fevers, because the varicella virus may be 
potentially neurotropic. It is evident that the spinal-fluid findings, like the 
clinical features, lend no support to such differentiation. 

From the pathological point of view adequate evidence is available that the 
sequence of histopathological changes is identical in the encephalitis of measles 
and that of varicella. The close relationship of these changes to the cerebro- 
vascular tree is clearly evident. The initial change appears to be in the walls of 
the blood-vessels themselves, and the subsequent gliosis and infiltration, as well 
as the demyelination which is seen in cases of longer standing, are all greatest in 
the vicinity of venules and arterioles. ‘The tendency to a smaller proportion of 
catastrophically severe cases, the lower incidence of grave symptoms and fatali- 
ties, and the tendency to a more marked degree of cerebellar involvement, are 
the only features in which the encephalitis of varicella differs from that of 
measles. In the case of rubella the evidence is more equivocal, largely because 
no patient who succumbed has survived for more than three days. Neverthe- 
less the pathological changes on record are entirely in keeping with those seen in 
the other two conditions, a finding which is hardly surprising in view of the fact 
that the clinical syndromes seen in each of the three conditions are usually in 
themselves quite indistinguishable. In all these conditions the neuropathological 
lesion is essentially a leucoencephalitis. The grey matter’ is largely spared ; 
neuronal changes, though they have occasionally been reported in each instance, 
are very much less conspicuous than changes in the white matter, and are often 
entirely lacking. Both on clinical and pathological grounds the encephalitis and 
other neurological illnesses which follow these three exanthemata are so strik- 
ingly similar that they may reasonably be taken to lend support to aetiological 
hypotheses which infer a common factor or common factors in pathogenesis. 

The second part of the present paper reviews the neurological complications 
of three further specific infections, in each of which the situation is complicated 
by some special factor. In mumps we are dealing with infection by a virus which 
is without doubt potentially neurotropic. In scarlet fever the position is ob- 
scured by the fairly frequent occurrence of non-specific neurological syndromes, 
arising from non-neurological complications of the exanthem such as otitis and 
nephritis. Finally, the neurological complications of pertussis are apparently 
unique in nature, both clinically and pathologically. The commonest neurolegi- 
cal complication of mumps is an almost invariably benign lymphocytic menin- 
gitis, which is possibly, though not certainly, due to invasion of the meninges 
by the mumps virus. This causes a brief and usually fairly mild meningitic 
illness, beginning within a few days of the onset of parotitis. There can be no 
doubt, however, that encephalitis, myelitis, and polyradiculitis occur, and that 
they are closely similar both clinically and pathologically to the neurological 
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complications 0° measles. Encephalitic illnesses are again numericaliy predomi- 
nant in this group, though myelitis and polyradiculitis may be relatively com- 
moner than in the case of the other fevers discussed; the syndromes are too 
rare to permit statistical assessment of their relative incidence. As in the case of 
the diseases dealt with in the first part of the paper, there is no relation between 
the severity of the attack of mumps and the occurrence of neurological com- 
plications. The latent periods between the establishment of the disease and the 
development of the neurological syndromes follow the pattern with which we 
are familiar in measles, varicella, and rubella, being longest for polyradiculitis 
and shortest for encephalitis, with myelitis occupying an intermediate position. 
In the case of mumps, however, the average latent period for each syndrome is 
longer than in any of the other three diseases. In spite of its longer latent period, 
mumps encephalitis appears generally similar in nature and severity to the com- 
parable syndrome which occurs in measles, with an overall mortality in the 
region of 20 per cent., complete recovery in the majority of cases, and coma as 
an unfavourable prognostic feature. The changes in the spinal fluid appear also 
to be comparable with those seen in the other forms of post-infectious encephalo- 
myelitis already discussed. The fact that frank encephalitis can occur with a 
normal fluid (that is, in the absence of the commoner lymphocytic meningitis) 
suggests that qualitatively different pathogenetic mechanisms may be involved 
in mumps meningitis and mumps encephalitis. The pathological findings on 
record are those of a perivenous demyelinating leucoencephalitis, indistinguish- 
able from that described in the exanthemata already discussed. 

Neurological complications have almost certainly been more frequent in 
scarlet fever than in any other specific fever, and are probably twice as common 
as in measles. The bulk of such cases, however, are examples of purulent (usu- 
ally streptococcal) meningitis, of serous meningitis accompanying otitis media 
or intracranial thrombophlebitis, or of the hypertensive cerebral complications of 
acute nephritis. The second group of neurological complications in scarlet fever 
also shows a substantial incidence: these are cases of benign lymphocytic 
meningitis, similar in every way to cases occurring in many other diseases 
definitely or putatively ascribed to invasion by a virus. When all such cases are 
excluded, we are left with a small group of cases of encephalitis, myelitis, and 
polyradiculitis, which show close similarities to the syndromes previously dis- 
cussed in relation to other specific fevers. The incidence of encephalitis appears 
to be much lower than in measles and, although the total figures are not such as 
to justify dogmatism, its mortality appears to be lower, and the incidence of 
cerebellar syndromes possibly higher—features which are reminiscent of the 
position as regards varicella. It is interesting that hemiplegia has not been 
described as a feature of these frankly encephalitic illnesses, though as an isolated 
incident it is a classical complication of scarlatina. The proportion of such cases 
of hemiplegia secondary to renal complications, or arising on the basis of cerebral 
thrombophlebitis, is uncertain, as is the exact pathology of the occasional cases 
which appear to occur in the absence of such complications. The myelitis and 
polyradiculitis occasionally encountered in association with scarlet fever show 
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no special features. Pathological evidence, even in the case of encephalitis, is 
too scanty to permit any valid generalization, but on clinical grounds it appears 
possible, and even probable, that the occasional cases of encephalitis, myelitis, 
and polyradiculitis which complicate scarlatina may be analogous with those 
seen in the previously discussed exanthems. 

The case of pertussis is altogether peculiar. No convincing case of myelitis or 
polyradiculitis has ever been reported as complicating this disease, the neuro- 
logical complications of which appear to be exclusively cerebral. Furthermore, 
pertussis encephalopathy shows many features which render it quite distinct 
from any of the syndromes previously discussed. Perivenous encephalitis, 
whether it complicates measles, rubella, varicella, mumps, or scarlatina, tends 
to affect the older patients disproportionately ; the reverse applies to pertussis 
encephalopathy, which is predominantly a disease of infancy, explosive in onset, 
almost invariably characterized by convulsions and coma, and with neuro- 
logical signs usually symmetrical and almost always exclusively motor. The 
incidence of this rather stereotyped complication of pertussis is uncertain, but 
its mortality is probably in the region of one in three, and has been unchanged by 
the use of antibiotics. The spinal fluid is usually normal. Mortality is greater 
under the age of two years, and sequelae occur in about a third of all cases. In no 
case of pertussis encephalopathy has the finding of perivenous encephalomyelitis 
been authenticated. The changes seen are neuronal and those of ‘ischaemic cell 
change’, probably attributable to anoxia, which in turn has been ascribed either 
to mechanical stasis or to vascular spasm, the whole constituting a picture of 
‘acute vascular encephalopathy’. 

In conclusion we can say that, while the neurological complications of per- 
tussis stand clinically and pathologically apart, a common pattern can be dis- 
cerned in the neurological disorders complicating measles, varicella, rubella, 
mumps, and scarlet fever. It consists of involvement of the nervous system at 
different levels, producing clinically radicular, myelitic, or encephalitic syn- 
dromes, and comprising pathologically the changes of perivenous demyelina- 
tion characteristic of the condition known as post-infectious encephalomyelitis. 
In measles, varicella, and rubella this pattern forms the basis of all the neuro- 
logical complications, but in mumps and scarlatina it takes second place to 
others in frequency. In all these diseases in which post-infectious encephalo- 
myelitis occurs the predominant syndrome is encephalitis, arising fairly acutely 
after a latent period which varies with the initial disease. During the course of 
the illness, fever, signs of meningeal irritation, convulsions, coma, paralysis, 
ataxia, involuntary movements, alterations in muscle-tone, and reflex changes 
may occur. The mortality ranges from about 10 per cent. (varicella) to about 20 
per cent. (measles), and sequelae occur with varying frequency. Many patients, 
however, make a full recovery, and relapses are almost unknown. Within this 
broad general pattern the several infectious diseases show individual variations. 
Post-infectious myelitic and radicular syndromes clinically resemble cases of 
transverse myelitis, the Landry-Guillain-Barré syndrome, or polyneuritis occur- 
ring in other contexts; but, where material is available, they show the same 
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pathological basis of perivenous demyelination as the encephalitic group. Over- 
lap and combination of the disease process at different levels of the nervous 
system may produce mixed syndromes. The uniformity of these syndromes and 
their relative independence of the nature, severity, and aetiology of the preced- 
ing infectious disease make it reasonable to seek for a common pathogenetic 
mechanism behind all the examples of post-infectious encephalomyelitis. 


SUMMARY 


A review has been undertaken of the literature relating to neurological com- 
plications of measles, chicken-pox, german measles, mumps, scarlet fever, and 
whooping-cough. The object of the review was to attempt to clarify certain 
aspects of the natural history of these complications, and to answer certain 
questions set out in the introduction. The results show that: 

1. The incidence of neurological complications in the infectious diseases con- 
sidered, where assessment has been possible, ranges from 1:5,000 (rubella) and 
1: 1,000 (measles) to 1: 800 (scarlet fever). The incidence is undetermined, but 
probably higher, in pertussis. 

2. In measles, rubella, and varicella the syndromes reported are polyradi- 
culitis, myelitis, and encephalitis, the last-named complication accounting for 
nine cases out of 10. In mumps and scarlet fever the same syndromes occur, 
encephalitis predominating, but this group of syndromes yields first place in 
frequency to lymphocytic meningitis. In pertussis fulminating encephalopathy 
is the usual, if not the only, manifestation. 

3. The only clinical features of definite prognostic significance are coma and 
convulsions, both of which are of serious import. Hemiplegia and extensor 
plantar responses may also worsen the prognosis. 

4. The immediate and long-term prognosis varies slightly with the individual 
fevers: encephalitis in rubella, measles, and mumps has a somewhat higher 
mortality (20 to 25 per cent.) than in scarlet fever (13 per cent.) or varicella 
(10 per cent.). On the other hand, sequelae are considerably less common (2 to 
5 per cent.) in rubella than in varicella (20 per cent.), measles (35 per cent.), or 
scarlet fever (45 per cent.). 

5. Changes in the spinal fluid do not always occur, but when present they take 
the form of a variable pleocytosis and moderate increase of protein. These 
changes have no prognostic significance and no relation to the type or severity 
of neurological disorder, apart from the albuminocytological dissociation seen in 
some of the cases of polyradiculitis. 

6. The pathological findings bear a definite relationship to the duration of the 
illness before death, and show a temporal evolution from early vascular involve- 
ment to a fully developed picture of perivenous infiltration and demyelination. 
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FRIEDLANDER BACILLUS INFECTION OF THE LUNG! 
With special reference to Classification and Pathogenesis 


By L. D. ERASMUS 


(From the Pulmonary Unit, Department of Medicine of the University of 
Pretoria, South Africa) 


With Plates 36 and 37 


FRIEDLANDER bacillus pneumonia is usually described as an acute fulminating 
pneumonia affecting elderly patients, with a predilection for the upper lobes of 
the lungs and a tendency to chronic abscess formation, sequestration of the 
lung, and even spontaneous lobectomy, Men over the age of 40 are pre- 
dominantly affected, but cases have also been described in children and infants. 
Excellent descriptions of the disease and its complications have been given by 
Fremmel, Henrichsen, and Sweany (1932), Solomon (1937, 1940), Bullowa, 
Chess, and Friedman (1937), Perlman and Bullowa (1941), Hyde and Hyde 
(1943), Taylor (1944), Humphreys (1945), and Brock (1946). It is not frequently 
emphasized that the Friedlander bacillus may also be found in the lung as an 
associated or secondary invader together with other bacteria. It is the purpose 
of this paper to consider a group of cases of Friedlander bacillus infections of 
the lung in which the organism is believed to have been of primary or secondary 
importance, and to make suggestions regarding their classification and patho- 
genesis. Reasons are given why Friedlander bacillus pneumonia should be 
regarded as an aspiration pneumonia. This hypothesis arises from a study of 
the radiological distribution of the pulmonary lesions, the incidence of infections 
of the upper respiratory tract, and the knowledge that the Friedlander bacillus 
is frequently found in these foci. The condition is compared in these respects 
with groups of personally observed cases of non-suppurative and non-specific 
suppurative pneumonia. 


Patients and Diagnosis 

Seventeen instances of Friedlander bacillus infection of the lung in European 
and Bantu patients were seen during a period of three years (1952 to 1954) at the 
Pretoria General Hospital. In 14 of these cases the Friedlander bacillus was 
thought to be the primary invader. Eleven of the 14 patients were male, nine 
being Bantu and two European. Of the three female patients two were Bantu 
and the other European. A primary Friedlander bacillus infection of the lung 
was diagnosed if, together with radiological evidence of pulmonary infection, 
the specific organism was isolated from the sputum in pure culture or as the pre- 
dominant organism on at least two successive days. A secondary Friedlander 

1 Received February 13, 1956. 
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infection of the lung was diagnosed if, together with radiological evidence of 
pulmonary infection, the specific organism appeared in cultures from the 
sputum in association with one or more other bacteria on at least two successive 
days. The first specimen of sputum was taken on the day of admission in all 
cases. Tubercle bacilli were sought in at least six separate specimens. 


Classification 

Primary Friedlander bacillus pneumonia is clearly distinguished by most 
writers, but the secondary variety is usually ignored, or receives only brief 
mention. Unless the importance of the presence of the Friedlinder bacillus in 
the role of a secondary or associated invader is recognized in certain cases of 
bacterial pneumonia, bronchitis, asthma, bronchiectasis, cystic disease of the 
lungs, anatomical malformations, and pulmonary neoplasm, correct treatment 
will not be administered, and an unnecessarily protracted illness is likely to 
follow. Fulton and McKinlay (1954) have recently emphasized this point. It is 
believed that the group of secondary Friedlander bacillus infections is sufficiently 
important to warrant a place in the suggested classification. The division be- 
tween acute and chronic forms of the disease is largely artificial. Cases with an 
acute onset frequently become chronic and require surgical treatment (Cases 4 - 
and 7), and chronic cases have frequently followed a previous acute illness (Cases 
12, 13, and 14). The distinction between acute and chronic forms is nevertheless 
thought to be of importance, since it serves to emphasize the need for initial 
conservative treatment on the one hand and the probable need of surgical inter- 
vention on the other. Patients with pulmonary lesions of more than six weeks’ 
duration were considered to be in the chronic stage. The following classification 
is suggested : 

1. Primary Friedlinder bacillus infections of the lung: (1) acute Friedlander 
bacillus pneumonia ; (2) chronic Friedlander bacillus pneumonia. 

2. Secondary Friedlander bacillus infections of the lung: (1) associated with 
other organisms in various forms of bacterial pneumonia; (2) associated with 
other organisms in other pathological conditions of the lung, such as asthma, 
bronchitis, bronchiectasis, polycystic disease of the lungs, and pulmonary neo- 
plasm. 


Clinical Features 


Most of the classical features mentioned in the literature were seen in parti- 
cular cases in the present series, but the course of the disease was less fulminant, 
and the prognosis better, than previous reports have indicated. In only two in- 
stances was the correct diagnosis suspected before the bacteriological findings 
were known: in Case 4 because of a characteristic radiographic appearance, and 
in Case 13 because of the characteristic nature of the sputum. Most of the other 
cases resembled suppurative pneumonia of non-specific aetiology. For this 
reason most patients were treated initially with penicillin or sulphadiazine, or 
both, and more specific treatment was substituted after the bacteriological 
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findings were known. This practice may have contributed to the relatively good 
prognosis in the series. The main features are summarized in Table I. 

Incidence. The first six cases of the primary variety occurred among 260 
cases of pneumonia of all types—an incidence of 2-3 per cent. The youngest 
patient was 16 years old, and the oldest 76. Three-quarters of the cases of 
primary Friedlander bacillus pneumonia, and one of the secondary variety, 
were over the age of 40. Cases were seen in all months of the year, with a slightly 
higher incidence during the summer months (11 out of 17 cases). 

Commencement of the illness was sudden in all 11 acute primary infections, 
and in the three cases regarded as secondary Friedlander bacillus infections. 
Fever, pleuritic pain in the chest, and cough, with blood-stained or purulent 
sputum, were the usual initial symptoms. One case followed coma due to a 
head injury. In the chronic cases the onset was less alarming but, in one case, 
indistinguishable from the more usual acute type. In the other two there was 
chronic cough, dry at first, but later productive of increasing amounts of 
sputum. 

Previous or predisposing illness. Approximately half of the patients in this 
series gave a history of previous pulmonary or upper-respiratory-tract infection. 
Solomon (1937) found a similar history in about three-quarters of his patients. 
Previous symptoms complained of by three out of 10 patients with acute 
primary infections were : long-standing productive cough, hoarseness of the voice 
associated with a laryngeal papilloma, and recurrent sore throat. In all the 
chronic cases, however, there had been previous infections. ‘ Influenza’, previous 
acute pneumonia, and chronic otitis media were complained of. One of three 
patients with infections of the secondary variety described previous pain in 
the chest with productive cough, and another ‘winter bronchitis’. A history of 
alcoholism was obtained in only one case, and does not appear to have been 
important as regards the patient’s illness. 

The temperature on admission varied considerably. In the acute primary 
pneumonias and in infections of the secondary variety it was generally 100° F. 
or higher. In three cases, however, the temperature was not raised at any stage 
of the illness. Two of the patients with primary chronic infections also had 
normal temperatures throughout. Pyrexia was absent or lasted less than three 
days in five out of 10 primary acute cases, and in two of three primary chronic 
cases. Pyrexia in one instance lasted more than three months. Its average 
duration, not counting apyrexial cases, was about 11 days. The average dura- 
tion of pyrexia in non-suppurative pneumonia in Bantu patients adequately 
treated at this hospital is approximately 4-5 days, and in non-specific sup- 
purative pneumonia eight days (Erasmus, 1953, 1954). 

Physical condition. The patient was usually acutely ill, but not more ill than 
patients of a similar age with other forms of suppurative or non-suppurative 
pneumonia. Patients without pyrexia hardly appeared ill at all. Cyanosis was 
not observed. Jaundice was present on admission in three cases (approximately 
18 per cent.) in this small series. This is probably a significant increase in in- 
cidence, since Solomon (1937, 1940) found jaundice in approximately 20 per 
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cent. of his cases. Jaundice occurs, on the average, in about 4 per cent. of 
all cases of pneumonia in Bantus in this hospital (van Rensburg, 1952). The 
jaundice was associated with a disturbance of liver function, and cleared rapidly 
with improvement in the general condition of the patient. There was concomi- 
tant improvement of liver function. There were signs of segmental or broncho- 
pneumonic consolidation in all the acute primary and secondary cases, except 
in Case 10, in which there were no physical signs. In all the chronic cases an 
impaired percussion note and crepitations were found over the abscess cavities. 

The sputum. The volume of sputum varied considerably, from less than half 
an ounce to more than 12 ounces per day, with an average of about four ounces. 
It consisted of a yellow or greenish mucopurulent material in 15 of the 17 cases. 
In three of these instances it was also blood-streaked. The sputum in the two 
remaining cases showed the classical appearance of a tough, brick-red emulsion 
of blood and pus. In Case 10 the sputum was so tenacious that it caused several 
episodes of partial laryngeal obstruction. It is clear that the so-called classical 
sputum is to be found in the minority of cases. In most instances the sputum 
resembled that found in other forms of suppurative pneumonia. 

Sepsis in the upper respiratory tract occurred frequently in this series, 
especially gingival and dental sepsis. This aspect of the illness is discussed in 
detail under the heading of pathogenesis. 

Blood count. Most patients showed a mild anaemia: the haemoglobin was less 
than 14-5 gm. per 100 ml. in all but six cases, two of which were of the secondary 
variety. White-cell counts varied from 4,000 per c.mm., with 69 per cent. poly- 


morphs, to 25,900 per c.mm., with 84 per cent. polymorphs. In most cases there 
was a moderate polymorphonuclear leucocytosis. It is interesting that in Case 2 
a pronounced polymorphonuclear leucocytosis occurred (82 per cent. of 21,200), 
although there was no pyrexia at any stage.’ 


Radiological Features 


Primary Friedlinder bacillus pneumonia. In most instances (nine of 14) the 
lesion was unilateral, and in all of these the right lung only was affected. The 
left lung was affected in addition in the remaining five cases; it was never 
affected alone. The distribution of the lesions is indicated in Table II. It is seen 
that in seven of the nine cases in which the right lung only was affected the 
lesion was confined to the posterior segment of the upper lobe. The consolidated 
area tended to encroach slightly on the apical segment and to extend for a short 
distance into a narrow suprafissural zone of the anterior segment (Fig. 1). 
Various grades of inflammatory change were seen, varying from minimal con- 
solidation to massive involvement of the whole of the upper lobe except the 
antero-superior portion of the anterior segment, which always escaped. The 
apex of the right lower lobe was affected together with the posterior segment of 
the right upper lobe in two cases. Of the five remaining cases of primary Fried- 
lander bacillus pneumonia, one showed consolidation of the posterior segment 
of the right upper lobe and the whole of the left lower lobe ; in two there was 
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a vague patchy consolidation of both lower lobes, and in two a well-marked 
bronchopneumonic consolidation spread throughout both lung fields. It is note- 
worthy that the bronchopneumonic form was seen only in the more elderly 
patients (over the age of 65) in this group. Only in Case 4 (Plates 36 and 37, 
Figs. 2 to 6) was the appearance so characteristic as to suggest the diagnosis. 
In this instance there was massive consolidation of most of the right upper lobe, 


II 


Radiological Distribution of Lesions in 17 Cases of Friedléinder Bacillus 
Infection of the Lungs 
Chronic Total 


prima primary Secondary number 
Friedlander Friedlander Friedlinder of 
Area of lung affected pn pn ia infection cases 


Posterior segment of right upper lobe . 5 2 1 8 
Posterior segment of right upper a 

with apex right lower lobe 1 1 2 
Diffuse throughout both lungs 2 os 1 3 
Patchy in both lower lobes . r 2 2 
Posterior segment of right upper lobe 

with whole of left lower lobe 1 o% =s 1 
Whole of right lower lobe . 1 1 


Total cases ll 3 3 


with downward bulging of the lesser fissure. This was followed by excavation 
of the affected area. The other cases could not be distinguished radiologically 
from non-specific forms of suppurative pneumonia, and in some instances the 
appearances closely simulated tuberculous cavitation. In all the chronic cases 
cavitation was present on the day of admission. In addition, cavitation followed 
consolidation in four out of nine acute cases, 

Secondary Friedlinder bacillus pneumonia. Three different forms of lesion 
were seen: one patient had consolidation of the posterior segment of the right 
upper lobe, another consolidation of the whole of the right lower lobe, and the 
third patchy consolidation of both lower lobes. 

Sequestration of lung tissue and spontaneous lobectomy (Taylor, 1944; 
Humphreys, 1945) and the ‘iceberg’ appearance (Brock, 1946) were > not seen in 
this series. 


Bacterial Sensitivity to Antibiotics and Treatment 

The in vitro sensitivity of the Friedlander bacilli isolated was tested against 
streptomycin, chloramphenicol, sulphadiazine, chlortetracycline, oxytetra- 
cycline, and penicillin in 15 of the 17 cases studied, against erythromycin as well 
in seven of these, and against tetracycline and magnamycin in one. The results 
are shown in Table III. It is seen that in all cases the organisms were markedly 
sensitive in vitro to streptomycin ; in all cases except one they were sensitive to 
chloramphenicol, and in about two-thirds of the cases to sulphadiazine. In more 
than half the cases the organisms were resistant to chlortetracycline and oxyte- 
tracycline, and in every instance they were resistant to penicillin and erythro- 
mycin. In the single case tested the organism proved resistant to tetracycline 
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and magnamycin. According to in vitro tests streptomycin is the antibiotic 
which has proved to be most consistently effective. This agrees with the findings 
of others (Nichols and Herrell, 1946; Bishop and Rasmussen, 1946; National 
Research Council, 1946; Finland, Murray, Harris, Kilham, and Meads, 1946; 
Learner and Minnich, 1946; Harris, Murray, Paine, and Finland, 1947; Rosen- 
thal, 1949; Gill, 1951). Chloramphenicol is probably at least as effective. It has 


TaBLeE IIT 
In Vitro Sensitivity of Friedlinder Bacillus in 15 cases of Pulmonary 
Infection 
Figures denote number of cases. 
Moderately 
Antibiotic Sensitive sensitive Insensitive 

Sulphadiazine . ° ° 8 2 5 
Oxytetracycline . ° 6 2 
Penicillin 15 
Erythromycin 7 


been successfully employed on many occasions (Wasserman and Pomerantz, 
1951; Steinberg and Towbin, 1952; Weiss, Eisenberg, Alexander, and Flippin, 
1954). The latter authors recommended a mixture of chloramphenicol, oxyte- 
tracycline, and chlortetracycline, although, judging from their tables, strepto- 
mycin was the most effective single antibiotic tested. Sulphadiazine has been 
shown to have a marked protective action in rats artificially infected with Fried- 
lander bacilli (Sale, Smith, and Wood, 1947). Its worth has also been proved 
clinically by a number of workers (Feinstone, Williams, Wolff, Huntington, 
and Crossley, 1940; Hyde and Hyde, 1943; Welford, 1946; Gill, 1951). It seems 
clear that oxytetracycline and chlortetracycline are relatively inferior, and 
penicillin and erythromycin quite ineffective. Claims of cure with penicillin 
have been made (Kobacker and Mehlin, 1945). On the other hand, Gill (1951) 
reported five deaths out of five cases in which the patients were treated with 
penicillin. In the present series one patient (Case 9) recovered after receiving 
penicillin only, but this is likely to have been due to the mildness of the infection 
rather than the effectiveness of the antibiotic. In general there was good cor- 
relation in this series between in vitro tests and response to treatment. Most 
patients were successfully treated with streptomycin and sulphadiazine given 
together. It is probably advisable to replace these antibiotics with chloram- 
phenicol after a few days, since strains resistant to streptomycin have been 
known to emerge rapidly (Harris, Murray, Paine, and Finland, 1947). Wherever 
possible the in vitro sensitivity tests should be used as a guide. In cases of the 
secondary variety prompt improvement occurred when treatment was directed 
specifically at eliminating the Friedlinder bacillus infection. 

In the present series antibiotics were administered according to the following 


| 


FRIEDLANDER BACILLUS INFECTION OF THE LUNG 515 


dosage schedule: penicillin, 500,000 units twice daily by intramuscular injection ; 
sulphadiazine, 2-0 gm. initially by mouth, followed by 1-0 gm. every four hours ; 
streptomycin, 0-5 gm. every six hours for two days by intramuscular injection, 
followed by 0-5 gm. twice daily ; chloramphenicol, chlortetracycline, and oxyte- 
tracycline, 1-0 gm. initially by mouth, followed by 0-5 gm. every six hours. 


Course and Prognosis 


Although several of the patients in the present series were acutely ill, none 
developed the severe fulminating form of the disease so frequently described in 
the literature. All the patients in the present series recovered. The duration 
of physical signs in the chest and of roentgenological changes was prolonged 
in patients with prolonged pyrexia. Eight patients were fit to leave hospital 
within three weeks of admission. The most serious complication was chronic 
abscess formation. Cavitation occurred in seven cases, and surgical resection 
was required in three of these (performed in two cases and refused in one). A 
severe degree of excavation of lung tissue was seen in only one case (Case 4). 
Spontaneous lobectomy was not observed. There were no serious pleural com- 
plications or metastatic lesions. Six out of seven patients who had cavitation 
were over the age of 40. This complication appears to occur more frequently, 
therefore, in older patients. 


Pathology 

Since there were no fatal cases in the present series, no post-mortem material 
was available for study. Two lobectomy specimens were examined. In both 
cases the specific organism had long since disappeared from the sputum, and had 
been replaced by a mixed bacterial flora. None of the classical features of Fried- 
lander bacillus pneumonia could be identified, and the features were essentially 
similar to those of the more usual non-specific form of suppurative pneumonia 
with abscess formation in the Bantu (Crawshaw and Fatti, 1950). Thus the 
pleura in both cases was grossly thickened, and densely adherent over the 
affected lobes, making dissection difficult. The underlying lung showed irregular 
areas of fibrosis, consolidation, collapse, and abscess formation. The abscess 
walls were ragged and thick, but no free sloughs were found. Bronchi were dis- 
torted, and some were mildly bronchiectatic. The hilar glands were enlarged, 
and showed chronic inflammatory changes. Sections showed well-marked sub- 
acute and chronic interstitial pneumonia, with fibrosis, formation of granulation 
tissue, cuboidal metaplasia of the alveolar epithelium, and well-marked hyper- 
plasia of lymphoid tissue. Some cases showed microscopic abscesses and 
organizing intra-alveolar exudate. Abscess walls showed adherent fibrin and 
strands of degenerating lung tissue, together with considerable infiltration by 
polymorphonuclear leucocytes and chronic inflammatory cells. 

Descriptions of the more classical acute and chronic forms of the disease in 
fatal cases have been given by Collins and Kornblum (1929), Olcott (1933), and 
Solomon (1937). Affected lobes are said to be swollen and heavy with a massive 
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consolidation. The colour varies from dark-brown to grey. Frequently there are 
small areas of normal tissue between areas of confluent bronchopneumonia. 
The cut surface appears marbled, and covered with a characteristic tough 
exudate, which adheres to the knife. There are frequently areas of necrosis 
together with multiple abscess cavities. Even where tissue changes are not 
obvious to the naked eye, microscopic examination usually shows necrosis and 
destruction of alveolar walls. The pathology of experimentally produced Fried- 
lander bacillus pneumonia in rats has been well described by Sale and Wood 
(1947). Histological features are similar to those of experimental (Type I) 
pneumococcal pneumonia, except for a tendency for clumps of bacteria to aggre- 
gate in the alveoli, with abscess formation and organization of the alveolar 
exudate. 


Pathogenesis 

The majority of patients with primary Friedlander bacillus pneumonia in the 
present series showed sepsis in the upper respiratory tract, suggesting that the 
condition may be caused by inhalation of infected material from such sources. 
The criteria for the diagnosis of inhalation pneumonia suggested by Brock 
(1947), and later elaborated by Nicholson (1950), were examined in relation to 
the present series of 14 cases of primary Friedlinder bacillus pneumonia, three 
cases of the secondary variety, 36 cases of non-specific suppurative pneumonia, 
and 200 cases of non-suppurative pneumonia, all drawn from the same hospital 
population (Erasmus, 1953, 1954). Accepted criteria for the diagnosis of an 
aspiration pneumonia are: (1) The lesion in the lungs must occur in an area in 
which aspirated material usually lodges (principally the posterior segment of 
the upper lobes, and apex of the lower lobes, in the recumbent posture). 
(2) There must be a source of aspirated infected material. (3) The bacteriology 
of the sputum must resemble that of the primary lesion. 

1. Radiological findings. In Table IV and in Fig. 1 the distribution of the 
lesions is depicted according to radiological findings in the various groups. It is 
seen that the posterior segment of the upper lobe and apical segment of the lower 
lobe are affected with strikingly similar frequency in cases of primary Fried- 
lander bacillus pneumonia and in those of non-specific suppurative pneumonia. 
The difference in frequency of involvement of these areas in non-suppurative as 
compared with non-specific suppurative pneumonia is statistically significant 
(P < 0-01). These are the areas shown by Brock, Hodgkiss, and Jones (1942) 
to be specifically involved when material is aspirated into the lungs. They were 
involved in a relatively small percentage of cases of non-suppurative pneumonia, 
a condition in which aspiration is thought not to be important. 

2. Upper-respiratory-tract sepsis. Since gross dental and gingival sepsis was 
the most frequently observed form of upper-respiratory-tract infection, its 
definition is of some importance. It was considered to be absent if there were no 
sign of infection whatever, or if not more than one or two small dental cavities 
were present, or if there was no more than a thin zone of hyperaemia around 
the gum margins ; it was considered to be present if caries and gingivitis in excess 
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of the above were noted. In practice the second group of cases was distinguished 
by gross dental and gingival sepsis. In borderline cases the patients were 
regarded as having no dental or gingival sepsis. The incidence of upper- 
respiratory-tract sepsis in the different groups of suppurative and non- 
suppurative pneumonias is recorded in Table V. The difference in the incidence 


TaBLE IV 
Segment of Lung involved in Various Types of Pneumonia 
Figures denote number of cases. 


A. Posterior Percentage 
segment of B. Apex of in which 
Number upperlobe _lower lobe A and B 
Type of pneumonia cases Right Left Right Left Right Left areas areinvolved 


Primary Friedlander 

bacillus pneumonia . 14 7 ee ee ee 2 oe 5 64 
Secondary Friedlander 

bacillus pneumonia . 3 1 oe ee 2 ve 
Non-specific 

pneumonia 36 24 2 4 ss - oe 6 83 
Non- suppurative “Pneu- 
monia . ° 200 22 2 2 1 7 oe 166 17 


NON-SPECIFIC 
SUPPURATIVE 83% (36 CASES). 
PNEUMONIA 


NON —SUPPURATIVE 
PNEUMONIA “%& (200 CASES). 


Fia. 1. The shaded areas of the lung seen from the side are the areas 
in which aspirated material tends to lodge. The incidence of involve- 
ment of these areas in whole or in part is shown for various forms of 
pneumonia. 


of upper-respiratory-tract sepsis between the non-suppurative and non-specific 
suppurative pneumonias is again statistically significant (P < 0-01). The differ- 
ence in the case of primary Friedlander bacillus pneumonia is equally striking, 
but the numbers are too small for satisfactory statistical assessment. The 
association of upper-respiratory-tract sepsis with non-specific suppurative 
pneumonia has been shown to be causal (Stern, 1935, 1936; Nicholson, 1950; 
Erasmus, 1954). 

3. Bacteriology of wpper-respiratory-tract lesions. It is known that Fried- 
lander bacilli occur in the mouth and upper respiratory tract in from one to five 
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per cent. of normal persons (Bloomfield, 1921). More significantly, they are fre- 
quently found in periodontal infections in man (Goadby, 1923). These facts, 
taken together with other evidence of aspiration, plead strongly in favour of the 
aspiration hypothesis in Friedlander bacillus pneumonia. The type of infection 
in the upper respiratory tract deserves comment. In the present series, as well 


TABLE V 
Incidence of Upper-Respiratory-Tract Sepsis in Various Types of Pneumonia 
Percentage 
Total Dental Other forms of cases 


number and Chronic of upper with upper- 
of gingival otitis respiratory respiratory- 


Type of pneumonia cases sepsis media _ tract sepsis tract sepsis 
Primary Friedlander bacillus 14 10 1 1 86 
pneumonia (Infected 
laryngeal 
papilloma) 


Secondary Friedlander bacillus 

pneumonia 
Non-specific suppurative pneu- 

Non-suppurative pneumonia . 200 36 18 


as in a previous series of non-specific suppurative pneumonias, the commonest 
form of infection was dental and gingival sepsis. Apart from the series of non- 
specific lung abscesses reported by Stern (1935, 1936), all other series have given 
a far lower incidence of this form of oral sepsis. Dental and gingival sepsis 
appears to occur frequently in the Bantu. The reason for this is not known, but 
subclinical scurvy has been suggested as a possible cause. Overt scurvy was not 
seen in any case in the present series. A striking number of recorded cases of 
Friedlander bacillus pneumonia have been preceded by middle-ear disease. Since 
the disease is possibly an aspiration pneumonia, the pulmonary and aural in- 
fections may be causally related. It is thought that a common pharyngeal 
infection may be responsible for both the pulmonary and aural lesions, or that 
the pulmonary infection may arise from the aspiration of infected material 
coming from the pharyngeal orifice of the Eustachian tube. Both mechanisms 
may occur. Case 13 in the present series is a good example. The patient was a 
European aged 42, who had suffered from chronic discharging otitis media for 
seven years before experiencing a series of haemoptyses ; no radiological changes 
were found. A more severe episode was followed by the development of a lesion 
in the right upper lobe. It is thought that aspiration of infected material from the 
throat probably occurred on several occasions, giving rise to abortive lesions, 
before more permanent and demonstrable lung damage was established. The 
culture of Friedlander bacilli from the aural discharge and sputum of a patient 
with Friedlander bacillus pneumonia by Harris, Murray, Paine, and Finland 
(1947) lends strength to this hypothesis. Published reports provide a good deal 
of support for the view that Friedlander bacillus pneumonia is an aspiration 
pneumonia. This evidence is summarized in Table VI. Sale and Wood (1947) 
were able to reproduce Friedlander bacillus pneumonia in rats by intrabronchial 
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injection of a suspension of Friedlinder bacilli in mucin. Amberson (1954) re- 
garded Friedlander bacillus pneumonia as ‘apparently due to inhalation in- 
fection’, and noted that it occurred most frequently in elderly patients and 
“under circumstances similar to those associated with the development of putrid 
abscess’ ; but, apart from the animal experiments of Sale and Wood, he gave no 


TaBLE VI 
Evidence of Upper-Respiratory-Tract Infections associated with 
Friedlander Bacillus Pneumonia 
Author Year Type of Lesion 

Stoichitza and 1933 Pulmonary infection followed tonsillectomy ; fatal case 

Jonnesco 
Ferguson and 1933 Suppurative nasal discharges ; two cases (in twins) 

Tower 
Solomon : - 1937 Dental sepsis; pharyngitis; diseased tonsils; infected 


sinuses. One case followed Caldwell-Luc operation for 
sinusitis ; another followed alcoholic coma 
Harris, Murray, 1947 Chronic otitis media; Friedlander bacillus in aural dis- 
Paine, and Fin- c 


1950 Chronic otitis media 


1954 Chronic post-nasal dischar:. ; chronic bilaterial sinusitis 
McKinlay 

Present series ° va Dental and gingival sepsis; infected laryngeal goplieme:; 

recurrent tonsillitis ; chronic otitis media 


evidence in support of this view. In the present series of cases of the primary 
variety all the patients except two showed clear-cut evidence of upper- 
respiratory-tract infection. One of these two patients (Case 10) was young, and 
the pulmonary infection mild. It might have passed unnoticed if extremely 
tough sputum had not caused repeated and distressing episodes of laryngeal 
obstruction. Youthfulness, in adult patients at least, and relatively mild in- 
fection of the upper respiratory tract, seem to be associated with a relatively 
mild pulmonary lesion.. Aspiration is difficult to prove in such cases, but lack 
of proof in individual cases of this sort does not necessarily detract from the 
aspiration hypothesis. 
Conclusions and Summary 


Seventeen cases of Friedlinder bacillus infection of the lungs are discussed. 
Thirteen patients were Bantu, and four European. 

It is believed to be of importance to distinguish a primary form of the disease, 
in which the Friedlander bacillus is the prime invader, and a secondary form, in 
which the Friedlander bacillus is believed to be a secondary invader associated 
with other organisms. 

In vitro studies indicate that streptomycin, chloramphenicol, and sulpha- 
diazine are likely to be the most useful of the therapeutic agents. 

Evidence is produced which indicates that primary Friedlander bacillus pneu- 
monia is probably a specific form of aspiration pneumonia, and that its mode 
of development closely resembles that of non-specific suppurative pneumonia. 
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As with cases of non-specific suppurative pneumonia, various grades of in- 
fection may be recognized. The mildest shows little parenchymal involvement 
and little constitutional disturbance (Case 10). A more severe form is found in 
which there is considerable segmental, lobar, or bronchopneumonic involvement 
of the lung, with severe constitutional disturbance (Cases 1, 3, 4, 5, 6, 7, and 8), 
but there may be a discrepancy between radiological changes and the patient’s 
general condition (Case 2). The severer forms result in gross cavitation, and may 
lead to considerable sequestration of the lung (Case 4), and even to spontaneous 
lobectomy. Elderly patients frequently show a bronchopneumonic distribution 
of lesions, and this is thought to be due to bronchogenic spread of infection in 
patients with a relatively ineffective cough (Cases 1, 8, and 9). The same effect 
is to be expected if the infection follows loss of consciousness. It is noteworthy 
in this respect that Scadding (1951) classified hypostatic bronchopneumonias 
under the aspiration pneumonias. 

It seems possible that secondary Friedlander bacillus infection of the lungs 
develops in similar fashion, as the result of aspiration of oral and pharyngeal 
secretions during sleep. Damage to the mucoserous layers and to the cilia of 
the bronchial mucosa by the primary infection may enable the secondary or 
associated invader to become established. The relative rarity of grossly infected 
lesions of the upper respiratory tract is noteworthy in the secondary cases. 
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Quarterly Journal of Medicine Vol. XX V, New Series, Pl. 36 


Fia. 2. Case 4. Acute Friedlander bacillus pneumonia. 
There is massive consolidation of the right upper lobe, 
with downward bulging of the lesser fissure 


Fic. 3. Lateral view of the lesion shown in Fig. 2 
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Vol. XX V, New Series, Pl. 37 


Fic. 4. Case 4, eight days later than 
Fig. 3; commencing cavitation 


Fic. 5. Lateral view of the lesion shown 
in Fig. 4 


Fic. 6. Case 4. Massive excavation of 
the right upper lobe 
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GENETIC, CLINICAL, BIOCHEMICAL, AND PATHOLOGICAL 
FEATURES OF HYPOPHOSPHATASIA?! 


Based on the Study of a Family 


By R. A. McCANCE, D. V. I. FAIRWEATHER, A. M. BARRETT, 
anp A. B. MORRISON 


(From the Medical Research Council Department of Experimental Medicine, 
and the University Department of Pathology, Cambridge) 


With Plates 38 to 42 


WHEN the early investigators (Robison and Soames, 1924; Kay, 1929) began 
to study the enzyme phosphatase in the plasma of normal and pathological 
subjects, they quickly discovered that its activity was considerably increased in 
rickets and parathyroid hyperplasia. In spite of the fact that increased activities 
of this enzyme in the serum were subsequextiy discovered in diseases not involv- 
ing the skeleton, the increase found in the case of rickets and parathyroid 
hyperplasia rapidly ac ,uired diagnostic significance ; for, in other diseases of 
the skeleton, the activity of the serum-phosphatase was generally found to be 
normal, even if the levels of activity in certain parts of the bones were not 
(Hansen, 1933). Anspach and Clifton (1939), for example, reported upon a 
disease which in many respects resembled the one now to be described, but which 
must be differentiated from it by the high level of activity of the serum-phos- 
phatase. 

In 1948 Rathbun described what appears to have been a new developmental 
anomaly under the title of hypophosphatasia. The patient was a male child, 
three weeks old on admission, who was found to have multiple abnormalities 
and defective mineralization of the skeleton, with a serum-calcium level of 13-6 
mg. per 100 ml., and a plasma-phosphatase level which varied from 0-0 to 0-7 
units compared with the normal range of 5 to 15 units. The boy’s blood-urea 
was 44 mg. per 100 ml., and a short calcium-balance study suggested a some- 
what subnormal retention of calcium. After death the phosphatase activities 
of intestinal mucosa, lungs, and kidney were investigated, and found to be very 
subnormal, but Rathbun appears to have made no control observations of his 
own. Schneider and Corcoran (1950) reported two brothers, aged 10 and 13 
years, who were found on admission for orthopaedic correction of genu valgum 
to have very low levels of phosphatase activity in their plasma. The concentra- 
tion of calcium in their sera was about 12 mg. per 100 ml., and of inorganic 
phosphorus 6 mg. per 100 ml. The bones were apparently not rarefied. The 


1 Received February 15, 1956. 
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familial nature of the disease was recognized, but the authors were more impres- 
sed by the high serum-phosphorus than the low phosphatase level, and attributed 
the disease to an excessive tubular reabsorption of inorganic phosphorus. After 
a short preliminary statement (Sobel, Clark, and Robinow, 1952), Sobel, Clark, 
Fox, and Robinow (1953) described a syndrome of bony deformities, hypo- 
phosphatasia, and loose teeth in a girl of 19 months. The child had gained 
weight normally before her admission, but had rarefied and rachitic bones, in 
spite of what should have been fully sufficient dosage of vitamin D. The 
histological picture of the bones also resembled that of rickets, but, in contrast 
to the usual findings in rickets, the plasma-phosphatase was much decreased, 
as was also the activity of this enzyme in biopsy material from the liver and 
ribs. The activity of the plasma-phosphatase in the father’s serum was also well 
below the normal range, and the syndrome was found and traced in several 
other families. In one family the bones and teeth of three of the four children 
were affected, while the father and mother were normal, and in another the 
parents appeared normal, although both had low levels of phosphatase activity 
in the serum, while one of their two children had characteristic bone changes as 
well. Under the rather cumbrous title of osteodysmetamorphosis fetalis, Eng- 
feldt and Zetterstrém (1954) described what was undoubtedly an example of 
the hypophosphatasia syndrome. Their patient was a child who developed 
normally for three months, but at six months presented the usual features of a 
bulging fontanelle, bony deformities of the rachitic type, increased serum- 
calcium, and a low phosphatase level. This child had the additional complication 
of a high blood-pressure and signs of nephritis. The child was kept in the 
hospital for four months, and carefully investigated before and after death. 
Within the last year Schlesinger, Luder, and Bodian (1955) have described a 
relatively mild form of this disease, with X-ray findings and the results of 
numerous biochemical studies, in three unrelated children without affected 
relatives. Portions of the skull and of the tibia were removed for investigation 
on more than one occasion. The patients improved while under observation. 
The salient features seem to have been (1) the appearance of the skull, and the 
changes that took place in it during recovery; (2) the deposition of new bone 
under the periosteum, and the histological signs of improvement, in the tibia ; 
(3) the low levels of phosphatase activity found in the biopsy material and in 
the serum ; (4) the hypercalcaemia ; and (5) the beneficial effects attributed to 
large doses of vitamin D. A relatively mild case has recently been described 
by Felder and Schreier (1955). The patient was a boy aged 19 months, and all 
the rest of the family were healthy. 

The picture which emerges from these few papers would appear to be that of 
a familial disease characterized by hypophosphatasia, very variable clinical 
intensity, and appearances which differ with age and with the severity and 
extent of the morbid process. The bones, teeth, and kidneys may all be involved, 
or the abnormality may show itself only after a chemical examination of the 
serum has been made. A description of the disease has been written by Lan- 
man (1955). 
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The Present Investigation 


Fig. 1 shows the family tree so far as it has been traced, prepared according 
to the international pedigree conventions as given by Stevenson (1954). Exten- 
sive investigations have been possible in the case of the two children (IV,, 
IV;), and their parents (IJJ;, IJJ,), and the results will be described. 


W S+ S+ 


1 2 
a = Male with diminished alkaline phosphatase in serum. | | = Male with 


disease. = Female with disease. = Possibly affected. = 10 


stillborn children, some of whom may have been affected. 6S = 6 stillborn children 


believed not to have been affected. §$=seen. $+ = serum analysed for alkaline 
phosphatase. 


Fic. 1. The family tree. 


Clinical Features 


IV,. The birth of this girl at 5 p.m. on 13.9.52 followed a normal pregnancy 
and labour. The mother had had antenatal care at the Royal Air Force Hospital 
at Ely, and the baby was born there, and weighed 2,594 gm. She did not cry 
at once, but after a little oxygen appeared to have made a normal start in life. 
One hour after birth, however, she began to have ‘grunting’ respirations, and 
was placed in an oxygen tent, and carbon dioxide was given at intervals. 
Nothing untoward happened during the night, and respiration seemed to have 
been satisfactorily established, but at 6 a.m. next day the night sister noticed 
that there was something wrong with the left wrist. A medical examination 
later revealed a fontanelle and sutures which seemed distended and large, and 
radiographs of the arm and subsequently of the body and limbs were obtained. 
The girl fed normally, and had lost 226 gm. by the third day. By the fifth day 
she had recovered 30 gm. of this loss, but was a little jaundiced. On the eighth 
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day the jaundice was passing off, but the child was not gaining weight, and 
investigations showed that she was getting very little from the breast. Further 
trial substantiated this fact, and by the 11th day she had been weaned, and was 
taking her food slowly. Her weight was 2,540 gm. on the 12th day of her life, 
and on this day she vomited her food at 1 a.m. and became blue, after which 
she breathed for a while as rapidly as 120 times per minute, and then slowly 
recovered. Twelve hours after the first attack she had a second, and the fon- 
tanelle and sutures were considered to have become more abnormal. The head 
was accordingly X-rayed. She had a mild attack of cyanosis on the 15th day of 
her life, but was discharged with her mother on the 18th day, after photographs 
had been taken and blood drawn for analysis. She weighed 2,630 gm. at this 
time, and the circumference of her head was 33 cm. Three weeks later the 
child’s weight was the same as it had been on discharge, and so was the circum- 
ference of her head. Further X-rays were taken. By the time she was eight 
weeks old deformities of the feet were becoming obvious, and her weight was 
only 2,720 gm. 

When the child was 134 weeks old she was admitted to the Royal Air Force 
Hospital at Ely with diarrhoea, a temperature of 104° F., and respiration-rate 
60 per minute. Only the diaphragm was moving; the ribs were being drawn 
in as the air entered the lungs. Her eyes were thought to be unduly prominent, 
and her cry suggested raised intracranial pressure, but the gaping fontanelle 
and sutures were not bulging or tense. Her heart was beating 150 times per 
minute. Her fingers and toes were described as being clubbed. She was treated 
with penicillin and oxygen but, although she took her feeds fairly well, her 
respirations became more shallow, and she went steadily downhill and died at 
the age of 14 weeks. Her weight at death was 2,500 gm. The necropsy was 
performed at the Royal Air Force Hospital, Ely, by Dr. A. Todd, and the 
following material was sent to one of us (A. M. B.) at Cambridge for detailed 
investigation: the vault of the skull; the right half of the thorax and thoracic 
vertebral column; the right scapula, clavicle, humerus, radius, and ulna; the 
right femur, tibia, fibula, calcaneus, and astragalus; the neck organs, lungs, 
and heart; part of the liver; the kidneys, suprarenals, and spleen. 


IV,. This child was born at Ely Hospital on 16.11.53. As foetal abnormalities 
had been discovered by the X-ray examination of the mother during the last 
trimester of her pregnancy (Plate 38, Fig. 2), a medical induction of labour was 
carried out successfully, and the child was delivered normally after the mother 
had been in labour for three hours. The boy weighed 3,514 gm., and showed 
no signs of distress. Examination at birth revealed a gross lack of development 
of the bony cranium, and there were widely patent and communicating fon- 
tanelles. There was a large haemangioma of the left lid and brow. The chest 
was flattened at the sides, and beading of the costochondral junctions could be 
felt. There was considerable widening of the lower ends of the forearms, and 
radial deviation of the wrists (Plate 38, Figs. 3 and 4). The long bones appeared 
to be soft and easily bent. The baby had little head control, and muscle-tone 
was poor. The knee-jerks were symmetrical, but on testing the Moro reflex 
only the arms reacted. The infant was offered 3 oz. of a mixture containing 
two and a half measures of National Dried Milk in water at each feed. He 
regurgitated his food intermittently, but took about 12 oz. of the mixture a 
day. No vitamin supplements were given at this time, and he continued well 
until his first admission to Addenbrooke’s Hospital on December 14, 1953. He 
did not, however, gain weight during this period, and on the day of admission 
weighed 3,003 gm.; the circumference of the head was 34 cm., and the child 
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was 51 cm. long. The physical signs at that date were not essentially different 
from those found at birth. The fundi were, however, seen at this time, and 
appeared normal. During his stay in the ward the infant was observed to be 
a slow feeder ; he vomited on the least provocation, and was satisfied with about 
14 oz. of the feeding mixture in the day. He was usually constipated. 

On December 24, 1953, when he was five weeks old, 20,000 international 
units of vitamin D were added to the diet each day. He was sent home on 
December 31, 1953, when six weeks old, and was readmitted the following day 
because he had vomited all his feeds after leaving the hospital, and had passed 
frequent loose motions during the night. After admission to the ward he suddenly 
became cyanotic, and his respirations were laboured. He breathed 60 times 
per minute, and his temperature was 103° F. After being given oxygen and 
50,000 units of soluble penicillin the baby became quiet, and by the late evening 
of the same day his temperature had settled, the cyanosis had disappeared, 
and his breathing was much easier. He took half-strength glucose-saline feeds 
satisfactorily for two days, and on January 4, 1954 his food was changed back 
to three measures of National Dried Milk with 1} oz. of sugar, with water added 
to 3 oz., five times a day. The treatment with vitamin D came to an end on 
January 14; while it was given he received 250,000 units in all. On January 21 
haemolytic streptococci, Group A, were discovered in the throat. After a five- 
day course of 200,000 units of oral penicillin administered daily, no further 
streptococci were discovered. 

On February 13, 1954, as a weight of 3,175 gm. had been maintained for three 
or four days on oral feeding, the baby was discharged once again. He was then 
13 weeks old. He was readmitted the following day because he had cried con- 
tinuously since his discharge. He had taken all his feeds, but had vomited a 
little once, between feeds, while lying in his cot. On his admission his breathing 
was wheezy, and his temperature 102° F., but he was not blue. His temperature 
settled overnight, and he was again sent home on February 17. Arrangements 
were being made for a bone biopsy, but before it could be organized the child 
suddenly became ill and cyanotic at home, with rapid ‘grunting’ respirations. 
He died on March 7 before he could be admitted to hospital, and his body was 
brought to Addenbrooke’s Hospital for necropsy. His weight at death was 
3,115 gm. The necropsy was performed by one of the authors (A. M. B.). A 
description of the post-mortem findings in JV, and IV, follows the account of 
investigations made during life. 


The Rest of the Pedigree 


III, and II,, the father and paternal grandfather of the propositus respec- 
tively, were healthy men, with no sign of disease other than an abnormality 
of the serum. JJ,, the paternal grandmother, and J,, the paternal great-grand- 
mother of the propositus, were healthy women. Three other members of the 

, II,, III,, and IV,, were examined, and were in excellent health. 
III, the mother of the propositus, was 25 years old, and when she was first 
seen on December 14, 1953, after the birth of the second child (IV,), nothing 
abnormal was found. She had, however, a history suggestive of renal infection, 
and X-rays taken six months before we first examined her had revealed a renal 
stone. Blood was drawn for chemical examination, and X-rays were taken. 
Since that time she has remained in good health, though the renal stone is still 
present. There have been no further additions to the family. 
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Radiological Features - 

X-rays of IV, were taken on September 15, 1952, and Figs. 5 and 6 (Plate 
39) show X-rays of JV, taken on December 16, 1953. The radiological appear- 
ances of the long bones were similar in both, but the bones of JV, were slightly 
more abnormal. In the skull there was a great deficiency in the ossification of 
the bones of the vault. The teeth were poorly calcified, which recalls some 
of the observations of Sobel, Clark, Fox, and Robinow (1953). Calcification of 
the facial bones was also incomplete. The spine in both cases showed dorsal 
lumbar kyphosis. The vertebral bodies had dense centres, with a more rarefied 
area of ossification around them. The calcification of the pedicles, laminae, and 
spinous processes was defective throughout the spine. A much shorter length of 
the ribs was ossified than in normal infants, and the explanation of this finding 
will appear in the pathological report. The distal end of the ossifying rib was 
enlarged, and its proximal end was irregular. Ossification of the pelvis was 
incomplete. The diaphyseal ends of the long bones were irregular and too wide. 
There were fractures of the expanded bone at the lower ends of the right radius 
and humerus in JV;. There was an abnormal amount of what appeared to be 
uncalcified cartilage at the ends of the bones. There were no centres of ossifica- 
tion in the femoral heads or the upper ends of the tibiae, and the centres for 
the calcanei were very small. The sternum was not ossified in either child. The 
terminal phalanges of the fingers were not ossified. There was no subperiosteal 
erosion of the phalanges. Nephrocalcinosis could not be demonstrated radio- 
logically in either case. 

Another radiological examination of JV, was made on February 10, 1954, 
two months after the first examination, and there appeared to have been some 
increase in the ossification of the parietal bones. The bones of the left lower 
extremity appeared to have grown a little in the intervening period, and to be 
rather more normal and narrower for their length than on the first occasion. 
There was still considerable deformity of the lower ends of the radius and ulna, 
and ossification had progressed only very slightly during the period between the 
first and second examination. 

Radiographs of JII,, the father of the propositi, showed no abnormality of 
the skull, spine, chest, pelvis, right arm, and right leg. Radiographs of IJJ,, the 
mother, were taken on September 17, 1952, the half skeleton being examined. 
There was no generalized bone disease. A small cyst was seen in the left fibula, 
and another in the right ulna. Radiographs of the wrists of the young boy IV, 
were taken on April 14, 1955, and no bony abnormality was seen. 


Biochemical Studies 


Serum from nine members of the family was examined (JV,, 1V., IV, IIJs, 
ITI 4, IT,, I4), and the abnormal results are shown in Table I. V3, 
III,, and II, had subnormal activity of alkaline phosphatase in the serum ; JV, 
and JV, had other chemical abnormalities, but JJZ, and IJ, did not. Nothing 
abnormal was found in the serum of JV, or any of the other members. An 
inhibitor of alkaline phosphatase activity was sought for, but not found, in the 
serum of JV,. This was done by determining the alkaline phosphatase activity 
of samples of serum from JV, and from a normal subject. Equal volumes of 
the two sera were then mixed, and the activity of the alkaline phosphatase in 
the mixture determined. There were 0-6 Bodansky units per 100 ml. in the 
serum of JV;, 7-5 Bodansky units per 100 ml. in the other serum, and 
4-0 Bodansky units per 100 ml. in the mixture. The plasma-proteins of JV; 
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were examined by electrophoretic analysis, and there was a slight relative excess 
of 8- and y-globulins. 

Calcium balances. While IV, was in hospital early in January 1954, faeces 
were collected over a period of three consecutive days; his urine was collected 
and food intake accurately recorded during two of the three days. A daily 
calcium balance compiled from this material gave the following results: food, 
443 mg. per day; faeces, 248 mg. per day; urine, 34 mg. per day; balance, 
+161 mg. per day. His serum chemistry at this time was almost identical with 
the results given in Table I. He was therefore in positive calcium balance, and 


TABLE I 
Chemical Findings in the Serum of IV,, IVs, IIIs, and II, 


Calcium ( Potas- Urea 
(mg./100  (mg./100 sky unitst Sodium sium Chloride  (mg./100 
ml.) ml.) 100 ml.) (mEq/1.) (mEgq/1.) (mEgq/1.) mi.) 


Case 


IV, 14.12.52 144 5-9 ‘ 
IV, 16.11.53 6-9 
8.12.53 113 7:85 0-6 
14.12.53 ¢ 7:3 1-2 142 5-2 104 39 
5.1.54* 14-5 7-4 06 
lll, 9.4.54 10-9 3-4 0-9 
Il, 11.11.54 0-9 


* The patient TV, was given 20,000 i.u. of vitamin D per day from 24.12.53 to 14.1.54. 
+ The normal phosphatase activity per 100 ml. of serum is 5 to 13 Bodansky units for children 
and 1-5 to 4 Bodansky units for adults. 


in keeping with this finding the serum-calcium level was high. It is possible 
that this positive balance was to some extent due to the fact that the baby had 
had a digestive upset the previous week, and had only been on full diet for two 
days before the faeces began to be collected for analysis. J1J;, the father of 
IV,, was in slightly negative calcium balance for two out of three periods each 
of eight days’ duration. Changes in the calcium intake or in the amount absorbed 
made no appreciable difference to the levels of calcium, phosphorus, or phos- 
phatase in the serum. As the man was in excellent health and has remained so 
since, the findings in these balance periods appear to have no material signifi- 
cance and have not been given. 

Excretion of phosphoethanolamine and phosphoethanolamine tolerance test. A 
sample of urine from the patient J V, was examined by paper partition chromato- 
graphy (McCance, Morrison, and Dent, 1955). Drs. Dent and Cusworth found 
that the standard chromatogram from the urine of JV;, in which the usual 
250 yg. of total nitrogen were taken for analysis, showed a normal excretion of 
glycine and serine in the usual proportions, with a trace of lysine, and strong 
spots due to glutamic acid and phosphoethanolamine. Both these last two 
substances were in abnormal concentrations relative to the other aminoacids 
and to the amount of urine taken. The glutamic acid was regarded as an arte- 
fact of storage, since it is formed on chemical hydrolysis of glutamic acid con- 
jugates always present in normal urine. The phosphoethanolamine excretion 
was quite abnormal. A photograph (Plate 40, Fig. 7) shows the aminoacid 
pattern of the urine. It was taken from an overloaded chromatogram of the 
desalted urine, so that the volume analysed contained 2-5 mg. of total nitrogen. 
Apart from the glutamic acid and phosphoethanolamine, the other aminoacids 
were excreted, if anything, in less than normal quantities. At about the same 
time that these observations were being made in London, Fraser, Yendt, 
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and Christie (1955) discovered the same abnormality in a patient with hypo- 
phosphatasia in Canada. There can therefore be little doubt that phospho- 
ethanolamine was being excreted by the patient JV,, and further confirmation 
has been added by Dent (1956). Examination of the urine of JJ/, did not 
reveal any similar abnormality, but it was decided to test the ability of this 
man to deal with phosphoethanolamine by administering the substance intra- 
venously. Four hundred mg. of 2-amino-ethy]l-1-phosphoric acid, which had been 
recrystallized twice from 80 per cent. aqueous methyl alcohol, were weighed 
out and made up to 10 ml. in normal saline. The solution was sterilized, and 
just before the injection commenced was brought to neutrality by adding 
sterile 5 per cent. sodium-bicarbonate solution. The resulting neutral solution, 
about 15 ml., was injected slowly over a period of 15 minutes, roughly 1 ml. 
being injected each minute. The patient took no food after 8 p.m. on the evening 
before the experiment, and emptied his bladder at 8 a.m. on the following 
morning. The injection of phosphoethanolamine began at 10 a.m.; he emptied 
his bladder just before the injection, and urine was collected again at 12 mid- 
day, 2 p.m.,and 4p.m. At the same time a control subject of roughly the same 
age and the same weight was similarly treated. In both the patient and the 
control there was an increase in phosphoethanolamine and ethanolamine excre- 
tion in the two hours following the injection. The patient seemed to react in 
every way like the control, and there was no suggestion that the patient IJ/, 
could not hydrolyse phosphoethanolamine. 

Adenosine monophosphate. The phosphate compounds in some of the urine 
sent to Dr. Dent for chromatographic examination were studied by Dr. T. A. J. 
Prankerd. Chromatography revealed an abnormal compound which was con- 
sidered to be adenosine monophosphate. Owing to pressure of work Dr. 
Prankerd was unable to confirm this by the most rigid criteria available, and 
has not been able to examine other specimens of urine from such severe cases, 


but there is little doubt about the validity of this finding. 


TABLE II 


The Phosphatase Activity of the Tissues of IV, compared with those of an Infant 
of the Same Age (I.S.A.) and those of a Premature Infant with Similar Bony 


Development 
Phenyl phosphate Phospho- 
(King-Armstrong units)* Glycerophosphate ethanolamine 
 (Bodansky units)t (Bodansky units)t 
I.S.A. infant IV; I.S.A. IV; I.S.A. IV; 
Liver : 110 74 13 22 0 15 0 
Kidney . 110 158 29 33 . 6-2 18 1 
Small 
intestine 284 823 210 146 88-4 39 21 
Clavicle . 531 179 9 325 2-8 191 2 
Skull . 1,030 aa 10 501 45 lll 1-1 


* mg. phenol liberated at 37° C. per 100 gm. in 15 minutes. 
+ mg. inorganic phosphorus set free at 37° C. per 100 gm. in one hour. 


The analysis of tissues. During the autopsy of the patient JV, weighed samples 
of various tissues were taken for analysis. The activity of the alkaline phos- 
phatase in them was measured with three substrates. The figures are set out 
in Table II, where they are compared with those obtained from a male child 
of the same age without any bone disease. Table II also shows the activity 
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found in the tissues of a premature infant, in whom the bones had reached 
roughly the same stage of development as they had in JV, as judged by the 
macroscopic appearance. 
Post-Mortem Findings 

The post-mortem findings in the two babies resembled one another so closely 
that to describe them separately would lead to much repetition ; therefore one 
description will be given, and differences between the two cases noted where 
appropriate. 
The Skeleton 


Macroscopic observations. The vault of the skull was so pliabie that after 
removal it could easily be turned inside out. Most of the base of the skull was 
calcified, and there were plates of bone in the temporoparietal regions on each 
side, extending up about half way to the vertex; elsewhere the consistency 
resembled that of leather. The fontanelles were large (anterior fontanelle 4 cm. 
long and 3-4 cm. across in JV), and the part of the skull around them, though 
distinguished from the fontanelle by its thickness and its reddish colour, differed 
little from it in consistency. The ribs and costochondral junctions were grossly 
abnormal, the ribs themselves being less than half their normal length. The 
sixth rib of JV,, for example, measured only 3-5 cm. in length, whereas a control 
rib from a normal baby of the same age measured 10cm. The costal cartilage 
of the same rib in J V, measured 5 cm. (control 6-75 cm.). Owing to the shortness 
of the ribs the costochondral junctions were situated on the lateral aspect of 
the chest, approximately midway between the front and back, and the total 
capacity of the thorax was reduced to about one-quarter of the normal (Plate 40, 
Figs. 8 and 9). This must have had a profound effect upon the functions of the 
thoracic viscera, especially the lungs. The costochondral junctions were con- 
spicuously swollen, but in JV, instead of a single row of swellings, as in a typical 
‘rickety rosary’, there was a double row, with separate enlargements of the 
cartilage and bone and a constriction between them (Plate 40, Fig. 8). The 
swellings were almost restricted to the inner aspects of the ribs. In JV; the 
swellings were double in only a few of the ribs. The cut surface of the costo- 
chondral junctions showed a wide, irregular, opaque, greyish-white zone in 
place of the normal straight and very narrow line of provisional calcification 
between the cartilage and the adjacent portion of the shaft (the metaphysis). 

All the long bones were considerably smaller than those of a normal infant of 
the same age (Plate 41, Figs. 10 and 11), and the metaphyses were expanded, 
though not greatly so. Except for this swelling of the ends of the shaft, most of 
the bones were approximately normal in shape. The right femur of JV, was, 
however, bent backwards near to its lower end. A few gross deformities were 
probably due to old fractures. The great deformity of the right radius in IV, 
is illustrated in Plate 41, Fig. 11. The wrist was deflected to the radial side by 
the shortness of that bone. In JV, the right ulna was unduly short, and had a 
swelling near its lower end probably due to a healed fracture; the wrist was 
deflected to the ulnar side. The right fibula of 7V, had been fractured just 
above the ankle, and the foot had been everted in consequence. There appears, 
therefore, to have been some special liability of the long bones to fracture near 
the wrists and ankles. All the fractures had reunited. All the epiphyses examined 
were abnormal. As in the ribs, the normal straight line of demarcation between 
cartilage and bone was replaced by an ill-defined irregular zone (usually about 
0-5 em. wide) of greyish-yellow or greyish-white tissue, in some places gritty, 
in some places not. In this zone tongues of cartilage were often distinguishable, 
and the bluish zones of proliferation of cartilage appeared abnormally wide. 
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The appearance closely resembled that seen in rickets. The corticalis of the 
shaft of the bones appeared somewhat thickened. The red marrow in the 
medullary cavity was pale in colour. 

Microscopic findings. 1. Deficiency of calcification. The cartilaginous epiphyses 
of all the bones examined were separated from the diaphysis by a zone con- 
sisting mainly of osteoid tissue (Plate 41, Figs. 12, 13, 14). Only vestiges of a 
zone of provisional calcification were present, and in most places cartilage gave 
way to osteoid tissue without any calcification. Deficient calcification had 
affected membrane bones as severely as bone formed from cartilage, for the 
soft part of the vault of the skull consisted of osteoid tissue. Throughout the 
skeleton the trabeculae of bone had unduly wide osteoid seams. There was 
therefore a generalized deficiency of calcification. 

2. Excess of osteoid tissue. Although a relative excess of osteoid tissue may 
be regarded as a corollary of deficient calcification, there was undoubtedly in 
some parts of the bones an absolute excess of osteoid tissue, in the sense that if 
it had all been converted into bone excessive bone would have resulted. The 
excess of osteoid tissue was most notable beneath the periosteum of certain 
bones, such as the shaft of the femur and the ilium (Plate 42, Fig. 15), and in 
the outer parts of the metaphyses (Plate 42, Fig. 16). In these sites it formed a 
close network similar to that seen in callus. The swollen ends of the ribs con- 
sisted of similar osteoid tissue (Plate 41, Fig. 13). 

3. Irregularity of endochondral ossification is illustrated in Plate 41, Figs. 12, 
13, and 14, and Plate 42, Figs. 15 and 16. The abnormality of the costochondral 
junction (Plate 41, Fig. 13) is especially notable. Islands and tongues of degener- 
ate cartilage were common in the disorderly metaphyseal zones, where there was 
also some fibrosis and occasional small infractions. The zones of proliferation 
of cartilage were unusually wide, and somewhat irregular ; the resting cartilage 
appeared normal. No alkaline phosphatase was found in any of the sections of 
bones prepared by the method of Lorch (1946), but these negative results must 
be ignored because we were inexperienced in the technique, and control tissues 
which undoubtedly contained phosphatase also gave a negative result. The 
Géméri preparations were technically satisfactory, but the soft part of the skull 
was the only bone examined by this method; here some phosphatase was 
present in the layer of osteoblasts on the deep surface of the periosteum, 
although the underlying osteoid tissue was devoid of calcification. 


The kidneys 

In both cases the kidneys showed a moderately severe degree of calcinosis 
(Plate 42, Fig. 17), which was evident to the naked eye as gritty, opaque, yellow 
streaks in the cut surface. The deposits were greatest in the outer part of the 
medulla. Microscopically the principal site of deposition appeared to be imme- 
diately around the excretory tubules, rather than within their lumen ; but many 
of the tubules were so disorganized that analysis was difficult. Some deposits 
undoubtedly were within tubules, both in the cortex and in the medulla. In 
IV, the cortex was normal except for the calcinosis. In JV, most of the tubules 
in the outer half of the cortex were atypical, and there were very few recogniz- 
able proximal convoluted tubules in that region. The distal convoluted tubules 
appeared abundant and large, though there was some disintegration of their 
epithelium. Proximal convoluted tubules which could be recognized as such 
were chiefly to be seen in the inner half of the cortex between the medullary 
rays. The epithelial cells of these tubules were more deeply eosinophilic than 
usual, and their nuclei appeared pyknotic. Géméri preparations demonstrated 
the presence of alkaline phosphatase in them, but not elsewhere in the kidney. 
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The parathyroids 

Three small pieces of tissue from JV, were received. These were labelled 
‘parathyroids’, but microscopic examination showed two of them to be thymic 
tissue, and the third a small lymph-node. In JV, the first search for para- 
thyroids yielded six small bodies which resembled parathyroids, but microscopy 
showed five to be small lymph-nodes, and the sixth was a lobule of adipose 
tissue. A second search was made in the neck organs, which had been pre- 
served intact. This time two nodules of tissue were removed from the posterior 
aspects of each lateral lobe of the thyroid ; they both proved to consist of thyroid 
tissue. A third search was then made with a binocular dissecting microscope, 
but the only promising piece of tissue proved to consist of fat. Nothing can 


be said, therefore, about the parathyroids except that they were certainly not 
enlarged. 


Other organs 


The lungs were partially collapsed, and in JV, there was an area of pneu- 
monic consolidation in the right upper lobe. In the thyroids of both babies 
only a few of the acini contained colloid, but its amount was probably within 
the normal range for infants of their age. The islets of the pancreas of IV, 
appeared large and abundant, but again they were probably within the normal 
range of variation (mean diameter of 10 islets, 1584; mean diameter of 10 
islets in a single ‘control’ pancreas from a baby of the same age, 138). The 
islet cells appeared normal. A moderate amount of haemosiderin was present 
in the liver and spleen of JV, especially in the Kupffer cells. Géméri prepara- 
tions demonstrated phosphatase in the autolysed mucosa of the duodenum, but 
not in the pancreas, liver, brain, or meninges. 


Discussion 

Nomenclature and pathology. The disease has been described under a number 
of different names, some of which have already been quoted. To describe the 
disease as rickets with alkaline phosphatase deficiency (Schlesinger, Luder, and 
Bodian, 1955) raises the question of what the term rickets implies. The primary 
morphological abnormalities in the bones of these babies—deficiency of calcifica- 
tion, excess of osteoid tissue, and irregularity of endochondral ossification— 
appear to be identical with those seen in rickets. There were some morpho- 
logical features not seen in rickets, the extreme softness of the skull and the 
shortness of the ribs and the long bones for example, and the peculiar shape of 
the costochondral junctions, but these may perhaps be attributed to the exist- 
ence of the disorder throughout intra-uterine life, or to secondary mechanical 
factors. If a sufficiently severe deficiency of vitamin D ever occurred in a foetus 
in utero, the skull might well be as soft at birth as were the skulls of JV, and 
IV,; whether the bones, especially the ribs, would be as short is not so certain. 
Arrested growth is not an inevitable consequence of failure of calcification, 
because it is not a feature of classical rickets. The earlier onset and greater 
severity of the defect in hypophosphatasia may possibly explain the difference ; 
alternatively, mechanical damage at the sites of endochondral ossification may 
have been at least partially responsible. Undoubtedly there had been such 
damage in the costochondral junctions shown in Fig. 13 (Plate 41), and the 
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appearance suggests that the bone and the cartilage may have been pulled 
apart, especially on the inner side. This damage is, however, more likely to be 
the result than the cause of the small size of the thorax, because it may well 
have been due to increased stress on the thoracic wall brought about by the 
growth of the thoracic viscera in a space much too small for them. The short- 
ness of the bones suggests that proliferation of cartilage may have been de- 
fective, but our histological findings provided no definite evidence of this. 

Although the cause of the shortness of the bones remains uncertain, deficient 
calcification is the predominant feature of the bones in hypophosphatasia just 
as it is in rickets, and there is therefore some justification for describing the 
histological changes as rachitic. The cause of the defective calcification is quite 
different, however, from that present in rickets, and the present authors con- 
sider that the two disorders should be clearly distinguished from one another, 
and that the term rickets should be reserved for the classical disease (and perhaps 
the resistant forms of it). Signs of rickets are very rare in foetal and neonatal 
life, and occur only when the mother has had osteomalacia during pregnancy 
(Maxwell, Hu, and Turnbull, 1932). Rickets is characterized biochemically by 
a high level of alkaline phosphatase activity in the serum, and usually by low 
levels of inorganic phosphorus and calcium, all of which are restored to normal 
by the administration of vitamin D. Rathbun’s (1948) name ‘hypophosphatasia’ 
seems to have much to recommend it for the disease now being discussed. It 
is short and descriptive, and it suggests correctly that the disease is a general 
one, not confined to the bones. 

Diagnosis. The milder clinical signs consist of vomiting, anorexia, and failure 
to gain weight, and are therefore not diagnostic. If the disease is of the severe 
type, the posture is rather characteristic, and there may be changes in the 
long bones and skull which somewhat resemble those of rickets on inspection 
and palpation, but have a different X-ray appearance. An extremely low 
plasma-phosphatase is the most important element in the diagnosis. 

Hypercalcaemia and hypophosphatasia. Children with the disease now being 
described seem often to have had a high concentration of calcium in the serum, 
and some of their trouble seems to have been due to this. The high concentra- 
tions have been attributed to the absorption of calcium in excess of the amount 
which can be excreted in the urine, failing its deposition in the bones. Another 
disease of childhood, however, has recently come to the fore in which the 
important sign is hypercalcaemmia. The serum-phosphatase levels which have 
been recorded in this disease have usually been below or at the lower limit of 
normal (McCance, 1953; Hallman, Hjelt, and Tahké, 1954-5; Bonham-Carter, 
Dent, Fowler, and Harper, 1955; Macdonald and Stapleton, 1955; Schlesinger, 
Butler, and Black, 1956; Stapleton and Lightwood, 1956), although not so 
low as in primary hypophosphatasia. It is well known that vitamin D restores 
the high phosphatase activity of rickets to normal, and also raises the serum- 
calcium level to normal ifit islow. It seems unlikely at present that an enhanced 
sensitivity to vitamin D enters into the pathological background of hypo- 
phosphatasia, but it would be interesting to know the mechanisms behind 
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this inverse biochemical relationship, and to what extent the relationship gener- 
ally prevails. 

Prognosis and treatment. Since the milder cases of hypophosphatasia may 
apparently recover, and very little phosphatase activity may be found in the 
sera of otherwise normal relatives, no case should be regarded as hopeless, and 
all should receive the best care and attention it is possible to provide. There 
is, however, no specific cure, and the most important part of the treatment is 
perhaps the nursing. It is probably beneficial to the kidneys to keep the 
hypercaleaemia under control if it is possible to do this by dietary or other 
means, and in spite of the experiences of Schlesinger, Luder, and Bodian (1955) 
it seems illogical to advocate the administration of vitamin D. The skull, and 
later the long bones, may require operative treatment. Prognosis clearly 
depends upon the age of the patient and the severity of the morbid process 
when he or she first comes under observation, but up to date so few proved 
cases have been described and treated that it would be premature to say more. 


Production of this paper would have been quite impossible without the 
co-operation of radiologists and biochemical, pathological, and nursing staffs. 
We thank them one and all. The authors are also very grateful to Dr. Gairdner 
for his co-operation and for his permission to investigate a patient under 
treatment in his ward. 


APPENDIX 


Histopathology 

Materials and methods. Portions of the following tissues were examined 
histologically: IV, and IV,: the costochondra] junctions ; the upper and lower 
ends of the femur and of the humerus; the skull; the upper and lower lobes of 
each lung ; the left ventricle ; the suprarenal, thyroid, kidney, liver, and spleen. 
IV, only: oesophagus; right ventricle. IV, only: the vertebrae, the ilium, and 
the shaft of the femur; the pancreas, prostate, and jejunum. 

All these tissues, except the bones, were fixed in formol-sublimate solution 
and embedded in paraffin. Thin slices of the bones were fixed in formol-saline, 
decalcified slowly in Miiller’s fluid (nine weeks), washed in many changes of 
formol-saline for several days, and embedded in low-viscosity nitrocellulose 
(IV,) or celloidin (IV). In addition, one costochondral junction from each 
patient, and duplicate pieces from several other bones, were decalcified rapidly 
by Custer’s method (formic acid and sodium citrate) and embedded in paraffin. 
Another costochondral junction from JV, was embedded in nitrocellulose with- 
out any decalcification. Most of the bones were considered not to be soft 
enough for sections to be made without decalcification, but this costochondral 
junction was cut undecalcified, and the sections were of special value in de- 
termining the extent and degree of calcification. Sections of all tissues were 
stained by Ehrlich’s haematoxylin and eosin. Other methods used included 
von Kossa’s method for calcium, Perl’s prussian blue reaction, and Weigert’s 
iron haematoxylin followed by van Gieson’s stain. 

In IV, an attempt was made to demonstrate the presence of phosphatase 
histochemically. Portions of kidney, liver, duodenum, pancreas, and brain 
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(medulla, including meninges), and of the soft part of the skull, were fixed in 
80 per cent. alcohol, in acetone, or in a mixture of equal parts of alcohol and 
chloroform, and treated by Géméri’s method for alkaline phosphatase. Pieces 
of bone (costochondral junction, lower end of femur, clavicle, and calcified part 
of the skull) were treated by the method of Lorch (1946) for the demonstra- 
tion of alkaline phosphatase in decalcified bone. 


Summary 


1. A male and female child who died of hypophosphatasia in early life have 
been studied before and after death; the father and paternal grandfather 
have been found to have low levels of serum alkaline phosphatase, but to be 
clinically normal. 

2. The skull, ribs, and long bones of the children were very abnormal radio- 
logically, and in the second child the diagnosis was made before birth. 

3. Clinically the limbs of the children were deformed, and the wrists, ribs, 
and fontanelles were recognizably abnormal and somewhat like those charac- 
teristic of very severe rickets. 

4. The biochemical findings during life included a high level of calcium, and 
a very low level of alkaline phosphatase, in the serum, and the excretion of 
phosphoethanolamine and probably adenosine monophosphate in the urine. 
After death a subnormal activity of alkaline phosphatase was demonstrated in 
the liver, kidney, and intestine, and especially in the bones, which were also 
largely uncalcified. 

5. Histologically the bones contained much uncalcified osteoid tissue, and 


the kidneys had abnormal tubules and deposits of calcium. 

6. Although certain features of the disease resembled rickets, for example, 
the superficial clinical appearances and the uncalcified osteoid tissue, the bio- 
chemical findings and the fundamental pathology make it quite distinct. 
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10. Right femur and humerus of JV, each with Fig. 11. Right radius and ulna of IV, 
normal control. Half natural size with normal control. Two-thirds 
natural size 


Fig. 13 14 


Fig. 12. Costochondral junction of 1V,. The section was cut without any decalcification and treated by von 
Kossa’s method for calcium, with neutral red counter-stain. Dark grey in upper half = cartilage (red in the 
section); black in lower half = calcified bone. Note the wide uncoloured zone of osteoid tissue ( x 54) 


Fic. 13. Costochondral junction of 7V,, showing the double ‘beading’. The upper swelling consists of pro- 
liferated cartilage, the lower of osteoid tissue (von Kossa’s stain and neutral red, x 2}) 
Fig. 14. Lower end of femur of 1 V,, showing irregularity of endochondral ossification and a wide osteoid zone. 
Vestiges of an abortive zone of provisional calcification can be seen at the tips of the finger-like processes of 
cartilage extending into the osteoid tissue (von Kossa’s stain and neutral red, x 3) 
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Fic. 16. Head of humerus of 7V,, showing the com- 

plex pattern of osteoid trabeculae in the outer parts of 

the metaphysis on each side, merging below with the 

corticalis. The black ‘trabeculae’ in the centre of the 

bone consist of haemopoietic marrow ; bony trabeculae 

in this photograph appear pale (Ehrlich’s haematoxylin 
and eosin, x 44) 


Fria. 15. Crest of ilium of IV, showing excessive sub- 

periosteal osteoid tissue resembling the subperiosteal 

buttressing which occurs rickets (Ehrlich’s 
haematoxylin and eosin, * 8) 


Fic. 17. Kidney of 1V,. The deposits of calcium are 
black (von Kossa’s stain and neutral red, * 9) 
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PRIMARY ALDOSTERONISM! 
Some Observations on a Case in a Cape Coloured Woman 


By L. EALES anp G. C. LINDER 


(From the Departments of Medicine and Chemical Pathology, The University 
of Cape Town, and Groote Schuur Hospital) 


With Plates 43 and 44 


Tue clinical picture of periodic paralysis is well known, and has been the subject 
of a voluminous literature ; Talbott (1941), for example, reviewed over 400 cases. 
In the course of the years it has become obvious that, whereas the majority of 
such cases (about 80 per cent. according to Herrington, 1937) are examples of 
so-called familial periodic paralysis, many are sporadic. Some are undoubtedly 
due to extreme potassium depletion which comes from excessive loss of potas- 
sium in the urine, rather than from the intracellular shift, first suggested by 
Allott and McArdle (1937-8), which is now known to be characteristic of familial 
periodic paralysis. The present paper reports observations made on a patient 
who clinically showed periodic paralysis, tetany, and evidence of chronic renal 
disease comprising persistent hypertension, slight but constant proteinuria, 
polyuria, and a fixed urinary specific gravity. Biochemical investigation re- 
vealed a hypokalaemic alkalosis and the fact that the hypokalaemia was related 
to an excessive urinary wastage of potassium. 

In such circumstances certain possibilities are to be considered. First there 
are truly renal conditions, more particularly the Fanconi syndrome, renal 
tubular acidosis, and the diuretic phase of acute tubular necrosis. Although in 
chronic renal disease loss of cations is likely to be large, especially when acidosis 
is present, it rarely results in hypokalaemia, the occurrence of which is almost 
invariably the result of extrarenal factors, especially the combination of per- 
sistent vomiting with deficient potassium intake. The case of Wyngaarden, 
Keitel, and Isselbacher (1954), however, appears to be an example of gross renal 
loss of potassium due to malignant nephrosclerosis. Secondly, whereas the 
excessive loss of potassium has suggested to many observers a primary renal 
mechanism, it has to be remembered that the administration of corticotrophin, 
deoxycorticosterone acetate, hydrocortisone, or cortisone results in an increase 
in the urinary loss of potassium, which if untreated may result in serious 
potassium depletion. Such a finding is encountered in some cases of Cushing’s 
syndrome, which may show the biochemical disorder of hypokalaemic alkalosis. 
More recently Conn (1955a, 6) and Conn and Louis (1955, 1956) have described 
a condition which Conn has termed primary aldosteronism. In this condition 

1 Received March 27, 1956. 
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there is no primary renal lesion, but as a result of excessive secretion of aldoste- 
rone by an adrenal tumour gross loss of potassium occurs in the urine. The case 
reported here is an example of this condition. Since Conn first described this 
entity in the beginning of 1955 at least 12 other verified examples of the associa- 
tion of hypokalaemic alkalosis and an adrenal tumour have come to his notice, 
and the present case, according to Conn (personal communication), appears to 
be the 13th example, and the third case in a non-European female patient. 


First Admission to Hospital 


History. Nora R., an intelligent Cape Coloured woman aged 32 years, was first 
admitted to Groote Schuur Hospital on April 20, 1953. She had been in good 
health until five years before admission when, on getting out of bed 10 days after 
the birth of her first child, she noticed a sensation of ‘pins and needles’ in both 
legs, and became aware of marked weakness of the legs on attempting to stand. 
The abnormal sensation and the weakness of the legs disappeared after two days, 
and she felt completely well again (her pregnancy and labour had been unevent- 
ful, and she fed her baby from the breast for six months). Nine months later she 
had a similar attack, which involved her arms as well as her legs. On this occasion 
she also had tetanic spasms of her hands. Subsequently similar attacks, lasting 
two to three days at a time, recurred about once every three months. On at least 
two occasions the weakness, which had always involved mainly the distal muscu- - 
lature, spread to involve the proximal muscles, so that she was unable to lift her 
hands to do her hair, or to rise from a squatting position. During the last three. 
months she had had three or four attacks in which the neck muscles were so 
severely involved that she was unable to raise her head from the pillow. None of 
these attacks was associated with any alteration in her breathing. The appetite 
had been good, and the bowels had acted normally once a day (she denies any 
misuse of purgatives). The weight had been steady, and there had been no altera- 
tion in bodily configuration or in the growth of facial or body hair. For as long 
as she could remember the patient had drunk a considerable amount of water 
(approximately two to three pints during the day and two pints during the night). 
She felt uncomfortably thirsty if she did not have this liberal fluid intake. There 
had been no history of haematuria, or of facial or peripheral oedema, at any time. 
For many years she had suffered from headaches, mainly frontal, of moderate 
severity and occurring two to three times a week. She had been married for about 
six years, and had two female children aged five and three years. For two years 
her husband had been mentally deranged, and refused medical help. She stayed 
with her mother-in-law, who looked after the children while the patient worked 
at a clothing factory during the day. Her diet was reasonably good, the main 
meal of the day coming in the evening. There was no excessive intake of alcohol, 
nor did she smoke. She was admitted to hospital during an attack of weakness. 

Examination. The patient was a plump, bespectacled Coloured woman, who 
gave an intelligent account of her illness. The bodily configuration was normal, 
and there were no cutaneous striae. There was no oedema. She walked un- 
steadily, with a bizarre gait which did not fit in to any typical neurological condi- 
tion. Neurological examination gave normal results apart from variable weak- 
ness of the legs. The deep reflexes were, if anything, brisker than normal. Her 
general condition was excellent. There was no clinical evidence of hypocalcaemia, 
but when she breathed deeply for one to two minutes her hands and feet assumed 
a tetanic posture. The blood-pressure was 180/105. A soft systolic murmur was 
audible at the apex, and examination of the respiratory system revealed no 
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abnormality. The haemoglobin was 14 gm. per 100 ml., and the sedimentation 
rate 13 mm. in one hour (Westergren). The specific gravity of the urine was 
1,004, its reaction was neutral, and a heavy cloud of protein was present on 
routine testing. There were no abnormal formed elements in the spun deposit. 
Special investigations. X-rays of the chest showed a normal left ventricle, with 
some unfolding of the aorta. The lung fields were clear. X-rays of the skull were 
normal. An intravenous pyelogram showed no abnormality. The electrocardio- 
gram showed changes compatible with hypokalaemia: ST-segment depression, 
T waves of low voltage, a prolonged QT segment (QTc 0-48 second), and prominent 


TABLE I 
Serum-Electrolytes (First Admission to Hospital) 


Serum- Serum- Serum- 
Serum-OO, sodium chloride potassium 
Date (vols. %) (mEq./l.) (mEq./l.) (mEq./l.) 
30.4.53 81-6 156 90 
1.5.53 83-5 156 91-5 
26.5.53 81-2 144 
8.6.53 75 146 102 
15.6.53 68-4 148 92-8 


U waves. Important findings as regards serum-electrolytes during this period in 
hospital are shown in Table I. Other results obtained were as follows: 22.4.53: 
blood-urea, 19 mg. per 100 ml.; serum-albumin, 4-2 gm. per 100 ml.; serum- 
globulin, 2-9 gm. per 100 ml. ; serum-calcium, 9-3 mg. per 100 ml. ; serum inorganic 
phosphorus, 3-5 mg. per 100 ml.; alkaline phosphatase, 5-5 units (Bodansky). 
30.4.53: after hyperventilation, serum-CO,, 82 vols. per cent. 22.5.53: serum- 
albumin, 4:8 gm. per 100 ml.; serum-globulin, 2-7 gm. per 100 ml. Results of 
flocculation tests on three separate occasions varied as follows: thymol turbidity, 
3 to 4 units; colloidal gold, 2 to 3 units; thymol flocculation, 2 to 4 units. The 
result of a glucose-tolerance test was normal, and neither glucose nor insulin-and- 
glucose loading precipitated paralysis. A fat balance showed an excretion of 
3-1 gm. with an intake of 70 gm., utilization being 95-5 per cent. The 24-hour 
urinary excretion of 17—ketosteroids was 4-3 mg., and of 17—hydroxycorticoids 
4-2 mg. (25.45.53). The Wassermann reaction was negative. 

Renal findings. (1) After 18 hours of fluid deprivation the highest specific 
gravity of the urine was 1,010. (2) Pitressin test (10 units given subcutaneously) : 
the specific gravity two hours later was 1,010. (3) Urea clearance (22.4.53), 
maximum 77 per cent. ; standard 54 per cent. (4) Endogenous creatinine clear- 
ance, 125 ml. per minute; inulin clearance, 134 ml. per minute; p-aminohip- 
purate clearance, 793 ml. per minute; potassium clearance, 47 ml. per minute ; 
35 per cent. of the filtered potassium was excreted (5.6.53). 

Urinary findings. Urine protein varied between 124 and 600 mg. in 24 hours. 
4.5.53: 24-hour urine volume, 3,000 ml.; sodium, 237 mEq. in 24 hours; potas- 
sium, 90 mEq. in 24 hours. 5.5.53: 24-hour urine volume, 3,060 ml.; sodium, 
211 mEq. in 24 hours; potassium, 77 mEq. in 24 hours. This was considered a 
normal potassium excretion for a mixed diet, but taken in association with a 
serum-potassium level consistently less than 3-0 mEq. per litre the result was 
strongly suggestive of excessive renal wastage of potassium. 
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Course and comment. The patient, therefore, was recognized as having hyper- 
natraemic hypokalaemic alkalosis, and her symptoms of periodic muscular 
weakness and tetany were attributable to this condition. This biochemical 
abnormality appeared to correct itself spontaneously after 56 days in hospital, 
but the electrocardiogram was still abnormal, although the changes were less 
marked. The serum-potassium on the day of her discharge (June 15, 1953) was 
4-2 mEq. per litre, and the serum-CO, 68 vols. per cent. The aetiology of the 
biochemical abnormality was not apparent. The diagnosis of Cushing’s syn- 
drome was rejected, as the patient had none of the other features of the disease 
and the daily 17-ketosteroid and 17-hydroxycorticoid excretions were within 
normal limits, but the possibility of the condition being the result of the action 
of a ‘DOCA-like’ substance was raised, a suggestion which Graham (1953) 
supported. On the other hand, there appeared to be undoubted evidence of 
renal disease, as shown by persistent polyuria with a failure to concentrate, 
persistent proteinuria, and hypertension ; yet the glomerular filtration rate and 
renal plasma-flow were normal, a finding generally incompatible with advanced 
chronic nephritis with fixation of specific gravity. At no time had there been 
any oedema. In addition the flocculation tests gave consistently abnormal 
results, which in the absence of any other explanation were attributed to a 
diffuse hepatic disturbance. 


Follow-up observations. On discharge the patient was urged to continue taking 
potassium chloride, 2 gm. three times a day, but just over two weeks later, on 
July 2, 1953, she reported that for the past 14 days she had not taken it, that four 
days after stopping it she had developed a moderately severe ache in the lumbar 
region, and that after six days without it her thighs began to feel lame and she 
was unable to rise easily from a sitting position. Four days later the hands had 
become weak, and on examination she was found to have weakness of the small 
muscles of the hand, the flexors and extensors of the wrists, and both quadriceps 
muscles. At that time the serum-CO, was 71-8 vols. per cent. She was again 
given potassium chloride 2 gm. thrice daily, and the importance of taking it was 
emphasized. In September 1953 she again experienced a heavy feeling in both 
ankles and the right arm, having omitted potassium chloride for one week. Her 
appetite and general health were good. She was eating a good mixed diet, but 
continued to have considerable thirst, the fluid intake amounting to approxi- 
mately six pints per 24 hours. She continued to pass urine three or four times at 
night, and moderate to severe frontal headaches persisted. The blood-pressure 
was still elevated in the region of 190/120. The urine still contained protein, the 
serum-potassium was 3-3 mEq. per litre, and the serum-CO, 80 vols. per cent. 
Flocculation tests still gave abnormal results: thymol turbidity 3-5 units, col- 
loidal gold 3 units, and thymol flocculation 4 units. 

On October 17, 1953, while receiving potassium chloride therapy, she had a 
bout of severe vomiting lasting three days, followed by a severe attack of 
paraesthesiae, paralysis of all four limbs, and severe recurrent tetany. The blood- 
pressure was 170/100. The serum-potassium on October 20 was 2-4 mEq. per 
litre, the serum-CO, 79-6 vols. per cent., and the blood-urea 30 mg. per 100 ml. 
She refused admission, and was sent home with potassium chloride treatment. 
The vomiting ceased the following day, but the paraesthesiae and weakness per- 
sisted for four or five days. On February 2, 1954 the serum-potassium was 
3 mEq. per litre, the serum-CO, 78-6 vols. per cent., thymol turbidity 2-5 units, 
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and thymol flocculation 1 unit. She remained well until March 1954 when, 
having neglected to take the potassium supplement regularly, she felt ill, with 
body aches, insomnia, and tingling and weakness of the hands. On May 8, with 
regular medication, she was much better, but still had severe frontal headaches. 
In June and July 1954 paresis of the limbs again recurred after stopping the 
potassium for two and four days respectively. 


Second Admission to Hospiial 


On September 2, 1954, while she was free of symptoms and taking potassium 
chloride, the patient was readmitted for further investigation. The blood- 
pressure was found to be 215/130. The specific gravity of the urine was 1,007, 


II 
Serum-Electrolytes (Second Admission to Hospital) 


Serum- Serum- Serum- 
Blood-urea Serum-CO, sodium chloride potassium 
Date (mg./100 ml.) (vols.%)  (mEq./l.)  (mEq./l.)  (mEq./l.) Remarks 
98 2-25 Before admission: serum pH 7-57 
oe 7 Control diet (63 mEq. potassium) 
°° “15 Ist day on ammonium chloride 
104 on ammonium chloride 
potassium citrate 


3 
6 
97 05 dict (8 (63 mEq. potassium) 


and a heavy cloud of protein was present on routine testing. After completion 
of metabolic balances during short periods of supplementation with potassium 
chloride and citrate and acid loading with ammonium chloride, she was dis- 
charged on September 21 feeling well. 

Clinical and biochemical investigations. A catheter specimen of the urine con- 
tained very scanty epithelial cells, an occasional red blood-cell, and very scanty 
leucocytes. Enterococci sensitive to chloromycetin and terramycin were grown 
from the urine. This organism is known to produce ammonia. A second urine 
culture, however, failed to elicit any growth. Chromatography of the urine 
revealed a normal pattern of excretion of aminoacids. The electrocardiogram 
consistently showed changes compatible with hypokalaemia. Some of the bio- 
chemical findings in the serum are summarized in Table II. Other results 
obtained were as foliows: 2.9.54: serum-albumin, 4-6 gm. per 100 ml.; serum- 
globulin, 2-7 gm. per 100 ml.; serum-calcium, 8-8 mg. per 100 ml.; serum pH, 
7-57. The proteinuria amounted to 477 mg. in 24 hours (mean of 16 determina- 
tions; range 223 to 780 mg.). The inulin clearance was 95 ml. per minute, the 
p- -aminohippurate clearance 645 ml. per minute, and the potassium clearance 
72 ml. per minute, 75 per cent. of the filtered potassium being excreted (17.9.54). 


Summary. Provided that supplementary potassium chloride was taken, the 
patient remained in good health. During this period of observation she con- 
sistently showed hypernatraemic hypokalaemic alkalosis, and metabolic balances 
were performed during brief periods of potassium supplementation and acid 
loading. The results are described later. Proteinuria and hypertension per- 
sisted. Renal function showed slight deterioration. The flocculation tests were 
still abnormal. 

Follow-up notes. On 18.2.55 the serum-CO, was 81 vols. per cent., the serum- 


sodium 145 mEq. per litre, serum-potassium 3-1 mEq. per litre, and serum- 
chloride 96 mEq. per litre. The serum-albumin was 4-2 gm., and serum-globulin 
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3°16 gm. per 100 ml. ; thymol turbidity 3 units and thymol flocculation 4 units. 
Culture of the urine showed no abnormality. An intravenous pyelogram was 
normal. On 3.10.55 the blood-urea was 26 mg. per 100 ml., the serum-CO, 
76 vols. per cent., serum-sodium 144 mEq. per litre, serum-potassium 2-15 mEq. 
per litre, serum-chloride 97 mEq. per litre, serum-albumin 4-0 gm. per 100 ml., 
and serum-globulin 3-6 gm. per 100 ml. Throughout the year, taking supplemen- 
tary potassium, she remained well, and she was reluctant to undergo further 
investigation. 


Third Admission to Hospital 


On October 17, 1955 the patient was readmitted for retroperitoneal air in- 
sufflation and further balance studies. Examination showed no substantial 
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Fic. 1. Electrocardiogram (lead V;). The first 
tracing shows the features of hypokalaemia 
while the patient was having a control diet 
(potassium intake 63 mEq. per day ; the second 
shows the reversal to normal after four days 
of supplementary potassium (total daily intake 
332 mEq.). Within three days of stopping the 
supplement the electrocardiogram was again 
abnormal. 


change in her general condition. The blood-pressure was 170/110. Polyuria and 
proteinuria were still present. The urinary sediment showed no abnormalities. 

Special investigations. The electrocardiogram was constantly abnormal except 
on a single occasion when, after four days of potassium repletion, reversal to 
normal occurred (Fig. 1). The serum showed a persistent hypokalaemic alkalosis, 
but during this period hypernatraemia was not as evident as on the previous 
admissions. The serum-cholesterol was 223 mg. per 100 ml., the £-lipoprotein 
fraction constituting 79 per cent. Culture of a catheter specimen of urine showed 
no growth on three occasions. Eighteen hours of fluid deprivation resulted in a 
maximum specific gravity of 1,010. Two hours after subcutaneous administra- 
tion of 10 units of pitressin the maximum specific gravity recorded was 1,011. 
Perirenal insufflation of air, made retroperitoneally via the presacral route, 
revealed a tumour of the left adrenal gland (Plate 43, Fig. 5). Urine aldosterone 
estimations on several occasions varied between 3 and 28 yg. per 24 hours (see 
Appendix II, Table VIII). On November 11 the plasma-cortisol (Lewis, 1956) 
was 6-0 ug. per 100 ml., and the plasma-aldosterone 0-25 yg. per 100 ml. 

Course before operation. The biochemical findings in the serum are shown in 
Fig. 2, and the balance data in Fig. 4 (page 553). The effects of varying the 
potassium intake widely, and of the administration of ammonium chloride, 
predinsone, and corticotrophin (ACTH), were all studied in the period preceding 
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operation. Throughout the patient’s stay in hospital the hypertension and pro- 
teinuria persisted with little variation. Her weight remained unchanged in the 
vicinity of 145 lb., except for a gaia of 4 lb. during the administration of ACTH. 
The number of circulating eosinophils declined promptly on the administration 
of prednisone and ACTH. The blood-urea varied between 27 and 41 mg. per 
100 ml. 

Operation and subsequent course. It was quite clear that this patient had a 
tumour of the left adrenal gland, and she was prepared for operation by a long 


POTASSIUM 

ADRENALECTOMY 


Fic. 2. Illustrating the findings before and after operation with regard to blood-pressure, 

circulating eosinophils, and serum electrolytes (‘D’ represents ‘diamox’). Prednisone 

dosage: 5 mg. four times a day by mouth for six days. ACTH dosage: 25 units four times 
a day by intramuscular injection for four days. 


period of potassium repletion, the period of operation being covered by intra- 
muscular injection of cortisone. On November 30, 1954, through a transabdominal 
approach, a left adrenal tumour (and a remnant of adrenal tissue) measuring 
3-5 x 4-0 em., and weighing 27 gm., was successfully removed by Professor J. H. 
Louw. At the same time the opposite adrenal was inspected, and appeared to be 
normal. Biopsy specimens of both kidneys and of the liver were taken. Plate 43, 
Fig. 6 shows the tumour on cross-section. It was a bright orange-yellow in colour, 
and the histological appearance was that of a benign cortical adenoma (Plate 43, 
Fig. 7). An unusual feature was the finding of small foci of necrosis and poly- 
morph reaction. The aldosterone content of the tumour was 5,600 yg. per kg., 
while none could be detected in the remnant of the left adrenal gland. Biopsy 
specimens of both kidneys (Plate 44, Figs. 8 and 9) showed focal ischaemic 
atrophy and attempts at renal tubular regeneration. Vacuolar changes in the 
tubules were slight. Calcified ‘dehydration-vomiting’ casts were also present, 
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and some arterioles showed hyalinization. Biopsy of the right lobe of the liver 
showed slight fatty change ; the connective tissue in the portal tracts was dense 
and bulky, but there was no true evidence of cirrhosis. 

The patient’s progress immediately after operation was smooth, except for a 
transient fall in systolic blood-pressure to 90 mm. of mercury. Additional steroid 
therapy was not given, and the blood-pressure rose spontaneously. The period 
following operation was uneventful except for the discovery of a rising blood- 
urea concentration, and the development of lumbar pain on the 10th day. Culture 
of the urine yielded a chloromycetin-sensitive coliform organism ; a diagnosis of 
pyelonephritis was made, and chloromycetin was administered with good effect. 
The polyuria and thirst diminished markedly on the fifth day. The blood-pressure 
has remained normal since the day of the operation. On the sixth day the urine 
was protein-free on gross testing. On the eighth day the specific gravity of the 
urine was 1,012 in the early morning, and from the 14th day occasional random 
samples reached 1,015. On the 20th day the maximum specific gravity after 
18 hours of fluid deprivation was 1,015, and two hours after 10 units of pitressin 
given subcutaneously it was 1,016. The serum-potassium concentration rose 
immediately after operation, the electrocardiogram reverted to normal, and this 
state was maintained without additional potassium therapy after the second day. 
The blood-urea, which varied between 40 mg. and 78 mg. per 100 ml. during the 
first three weeks after operation, had fallen to 39 mg. per 100 ml. by the fifth 
week. When the patient was last seen on February 18, 1956, she was in excellent 
health, and free of all symptoms. The blood-pressure was 130/95. The electro- 
cardiogram was normal. The blood-urea was 37 mg. per 100 ml. The serum- 
sodium was 137 mEq. per litre, and the serum-potassium 4-9 mEq. per litre. The 
urine was devoid of protein, and the highest specific gravity achieved on fluid 
deprivation had reached 1,025. The endogenous creatinine clearance was 75 ml. 
per minute, and the potassium clearance 14 ml. per minute. 


Special Studies 

Apart from the special investigations already recorded, attention was particu- 
larly directed to renal function and potassium excretion, to acid-base balance, 
and to potassium and sodium balances. 


1. Renal function and potassium excretion 


The data obtained in the course of the period 1953 to 1955 are recorded in 
Table III. The clearance figures in this Table have been corrected to a surface 
area of 1-73 square metres. It will be seen that the filtration rate appeared to 
show a progressive decline over a period of three years. Clearance of endogenous 
creatinine behaved similarly. After operation there was a considerable diminu- 
tion in creatinine clearance, which might reasonably be attributed to the 
development of a pyelonephritis or partial adrenal insufficiency. By February 
17, 1956, the blood-urea was normal, and there had been improvement in the 
creatinine clearance, although it was not yet normal. Theeffective renal plasma- 
flow was within normal limits in 1953 and 1954. 

Normal subjects under ordinary conditions excrete less than 15 per cent., and 
rarely more than 20 per cent., of the amount of potassium filtered at the 
glomeruli. Under conditions of loading this percentage may rise to more than 
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40 per cent., and reaches its peak two to three hourd after oral loading. In 
Nora’s case the potassium clearance varied between 47-7 and 74-6 ml. per 
minute, and the amount of potassium excreted as a percentage of that filtered 
varied between 35 per cent. and 75 per cent. After the operation potassium 
clearance fell to 12-1 and 7-9 ml. per minute, and the percentage of the filtered 


III 


Renal Function and Potassium Excretion 
All figures in this table corrected to 1-73 sq. m. body surface. 


Inulin Creatinine Potassium Excreted 
clearance clearance PAH clearance clearance potassium 
Date (ml./min.) (ml./min.) (ml./min.) (ml./min.) (% of filtered load) 
4 139 129-5 822 35-0 


TaBLe IV 


Effect of KCl and Pitressin on Renal Function and Potassium Excretion 

Potassium Excreted 

Duration Inulin clearance PAH clearance clearance potassium 

Period (minutes) (ml./min.) (ml./min.) (ml./min.) (% of filtered load) 
1 34 92-5 611 74:8 80 
2 96-8 679 68-8 71 
i io -2 mEq. inute 
3 09-1. 676 71-2 80 
4 89-4 652 69-2 77 
5 39 92-8 Be 74-9 81 
Pitressin 10 units subcutaneously 

6 35 85-6 576 66-4 78 
7 3 86-9 530 74-9 86 


load excreted had fallen to 19-2 per cent. by the 13th day, and to 10-8 per cent. 
on the 21st day. 

Earle, Sherry, Eichna, and Conan (1951), while investigating a case of the 
low-potassium syndrome with excessive renal wastage of potassium, found that 
both inulin and potassium clearance rose during periods of potassium loading. 
In June 1953, during our patient’s first period in hospital, when the serum- 
potassium was 3-23 mEq. per litre, an oral load of 40 mEq. raised the level to 
3-5 mEq. per litre, but failed to alter the potassium or the inulin clearance 
during a period of one and a half hours. The load was possibly too small, and 
_ the period of observation too short, to show a material change in the percentage 

excretion of the filtered load. Fifteen months later, during her second period 
in hospital, when the serum-potassium level was 2-14 mEq. per litre, we recorded 
the effect of a potassium chloride infusion, and of a subsequent subcutaneous 
injection of 10 units of pitressin on glomerular filtration rate, renal plasma-flow, 
and the excreted potassium as a percentage of the filtered load. The results are 
shown in Table IV. On this occasion, with the potassium chloride load, there 


21.10.55. ‘ 110 oe 
109 47-7 43-8* 
11.11.55 . ‘ 91 we 50-8 55-8 
30.11.55. . Adrenalectomy 
13.12.55. 65 ee 12-5 19-2* 
17-256. ‘ 77-7 ee 14-8 19-2* 
Se * Using endogenous creatinine clearance as a measure of filtration rate. 
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was no major change in the percentage excretion of filtered potassium. The 
administration of pitressin subcutaneously resulted in a diminution in urine 
flow, and the specific gravity rose to 1,010. Inulin and p-aminohippurate 
clearance diminished. After pitressin there was no immediate effect on the 
excretion of potassium as a percentage of the filtered load, but in the last period 
it reached 86 per cent., a figure which was exceeded only after the administra- 
tion of a carbonic-anhydrase inhibitor. 

In November 1955, when the patient was in hospital for the third time, a 
carbonic-anhydrase inhibitor, acetazoleamide (‘diamox’, 500 mg.) was ad- 
ministered after two control periods. The results are set out in Table V. The 


TABLE V 
Effect of ‘Diamox’ on Renal Function and Potassium Excretion 
Excreted 
Inulin Serum- Potassium Potassium Potassium Potassium potassium 
Duration clearance potassium clearance filtered excreted reabsorbed (% of filtered 
Period (minutes) (ml./min.) (mEq. /1.) (ml./min.) (uEgq.) (uEgq.) (uEq.) load) 
I 37 87:8 3-35 50-75 293 170 123 58 
Il 31 88-2 3-22 46-7 284 150 134 53 
*Diamox’ (500 mg. by mouth) 
Il 33 71-0 3-22 45-2 229 146 83 64 
IV 31 71-0 3-24 42:3 230 137 93 60 
Vv 33 70-6 3-22 61-2 228 197 31 87 
VI 31 74:3 2-80 66°8 208 187 21 90 
Vil 304 66:3 2:90 55-7 192 161 31 84 
VI 354 66-6 2-66 59-4 178 158 20 89 
746 219 168 76 


* Intravenous potassium chloride commenced during this period. 


experiment had to be terminated 233 minutes after the administration of 
‘diamox’, and potassium was given intravenously, owing to the development 
of intense paraesthesiae in the hands and feet and around the mouth. It will 
be seen that there was a marked rise in the potassium excreted as a percentage 
of the filtered load. ‘Diamox’ effected a pronounced diminution in the tubular 
reabsorption of potassium, which fell from 134 »Eq. to as little as 20 wEq. per 
minute. The serum-potassium fell from an initial level of 3-22 mEq. to 2-66 mEq. 
per litre by the eighth period. Berliner, Kennedy, and Hilton (1950) have 
demonstrated that the excretion of hydrogen ions and of potassium by the cells 
of the distal tubules has a common mechanism, and that if the production of 
hydrogen ions in the cell is specifically hindered by a carbonic-anhydrase 
inhibitor an increase in the excretion of potassium results, since it then has the 
whole of this excretory pathway to itself. The notable increase in the percentage 
excretion of the filtered load after ‘diamox’ indicates that the carbonic-anhydrase 
system was still in action, and that the site of the ordinary loss of potassium in 
our patient might be in the proximal tubules. In their case of ‘ potassium-losing 
nephritis’ Sayers, Eyre, and Sims (1955) found that the maximum tubular 
reabsorptive capacity for glucose was reduced, and this was interpreted as 
further evidence of involvement of the proximal tubule. In our patient, how- 
ever, the deficiency in urinary acidity under ordinary conditions and after acid 
loading does not support this view, since this abnormality is almost certainly 
located in the distal tubule. 
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2. Acid-base balance 


Recent reports (Milne, 1955) have regularly recorded the association of potas- 
sium deficiency with a partial or complete failure to produce a urine of normal 
acidity. This failure occurs both with (Jackson and Oakley, 1955; Evans and 
Milne, 1954; Conn, 1955), and without (Earle, Sherry, Eichna, and Conan, 1951 ; 
Fourman and McCance, 1955; FitzGerald and Fourman, 1955; Chalmers, Fitz- 
Gerald, James, and Scarborough, 1956) an increase of the alkali reserve. It 
therefore seems probable that this limitation depends on some direct effect of 
lack of potassium on the cells of the renal tubules. Cooke, Segar, Cheek, Coville, 
and Darrow (1952) suggested that these cells share in the general intracellular 
acidosis which they have shown to follow the exchange of cell potassium for 
extracellular sodium and hydrogen ions, an exchange which incidentally causes 
the extracellular alkalosis. There is no reason to suppose that the elimination 
of the extracellular alkalosis, or the actual appearance of an acidosis from other 
causes, such as nephritis, will mitigate the intracellular acidosis or its effects. 

Second admission (September 2 to 21, 1954). The pH of the urine was found 
to stay within a range of 6-6 to 7-3. An extensive study of acid excretion was 
undertaken, but the results were spoiled by the appearance from time to time 
of a urea-splitting organism, which in spite of ordinary precautions caused the 
sudden appearance of large amounts of ammonia and bicarbonate, with a rise 
of pH to above 8. The following facts were established: 

1. Ammonia excretion amounted to 22 to 30 mEq. a day during the control 
period, but, after 6 gm. of ammonium chloride had been given daily for 
three days, it increased to 69 mEq.; in this specimen the pH was 6-7 and the 
bicarbonate level very low, excluding any appreciable formation of ammonia 
from urea by organisms. The test with ammonium chloride was repeated, with 
the precaution that every specimen was frozen immediately after passing ; the 
highest ammonia value was 66 mEq. with a pH of 6-6. This excretion was 
rather less than the response of normal people to similar loads (70 to 160 mEq. 
per day ; Linder, 1926—7), but at a pH of about 5. Clarke, Evans, MacIntyre, and 
Milne (1955) found that in experimental potassium deficiency the rate of 
ammonia excretion was identical with that found in normal subjects, but that 
the urine pH was significantly higher. It appears from their chart relating 
ammonia excretion to urine pH that in our patient, after ammonium chloride, 
the highest level of ammonia excretion exceeded the mean normal excretion at 
the corresponding pH by considerably more than twice the standard deviation. 
To summarize, ammonia excretion was a little low for the acid load, but high 
for the urine pH. ae 

2. Titratable acidity was determined by acidification of the urine with HCl, 
aeration to remove CO,, and back-titration to pH 7-4. This determination gave 
a negative value of 15 to 20 mEq. on the control diet, becoming positive to the 
extent of 2 to 10 mEq. after ammonium chloride. 

3. Base economy, the sum of ammonia and titratable acid, reached 69 mEq. 
a day after ammonium chloride. 

4. Ammonium chloride led to an immediate increase in sodium excretion of 
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40 mEq., and in potassium of 7 mEq. Such an increase in the excretion of fixed 
base is common in the early stages of ammonium chloride acidosis, and is not 
excessive. The excretion of calcium and magnesium was unchanged. 

5. Latner and Burnard (1950) have inferred that the proximal tubules absorb 
bicarbonate from the glomerular filtrate up to a concentration of 22 mEq. per 
litre ; if more than this is present, or if less is reabsorbed as in tubular acidosis, 
the balance passes into the distal tubules. There it inhibits ammonia production, 
and sodium is reabsorbed in exchange for hydrogen ions, which react with 
bicarbonate ions to form carbonic acid and carbon dioxide. The pressure of 


TaBLe VI 
Renal Excretion of Acid 


Urine 
Serum- Urine titratable 
potassium Serum-CO, Urine ammonia acid 
Date (mEq./l.) (vols. %) pH (mEq./l.) (mH#q./l.) Ammonium chloride load 


20.9.54 6-46 After 2 days on 6 gm./day 
31.10.55 2 6-20 s After 2 days on 12 gm./day 
1.11.55 6-05 After 3 days on 12 gm./day 
24.11.55 . 5-67 After 12 gm. in preceding 15 hours 
15.12.55 . 4-80 After 12 gm. in preceding 15 hours 


carbon dioxide in the urine is raised thereby above the plasma pressure ; Latner 
and Burnard took a pressure exceeding 50 mm. of mercury to indicate that this 
sequence was established. In the present case this pressure never exceeded 
40 mm. ; thus it seems that, in spite of the large amount which must have been 
filtered by the glomeruli as a result of the high plasma-bicarbonate level, the 
bicarbonate was effectively reabsorbed in the proximal tubules. The above 
observations were confirmed by the examination of catheter specimens collected 
under oil. The kidneys displayed an adequate capacity for the elimination of 
acid, but depended very largely on ammonia production to do so. Apart from 
the constant loss of potassium, the protection of body bases seemed satisfac- 
tory. 

Third admission (October 17 to December 22, 1955). Cultures of the urine 
were sterile on admission but, in view of previous experience, freezing of the 
urine was continued. In the first 10 days the pH of the urine was below 6-8 on 
only one occasion. Five days after the first supplement of potassium chloride 
the patient was given ammonium chloride in a dosage double that given in 1954. 
Table VI shows that, allowing for the higher dosage, the response was much the 
same ; after an extra day, however, a pH of 6-05 was attained. After potassium 
chloride had been given continuously the routine urine pH became lower, and 
ranged between 6-8 and 6-2. After 10 days of this treatment a short test with 
ammonium chloride was made: a dose of 3 gm. was given at 6 p.m. and at 
10 p.m., and 6 gm. at 6 a.m., the urine being collected by catheter at 8 a.m. 
At this time the serum-potassium was 3-5 mEq. per litre ; a urine pH of 5-67 was 
found, and there was a considerable increase in titratable acid, which now shared 
the base economy equally with ammonia. This test was repeated two weeks 
after the removal of the tumour. The serum-potassium was then 4-3 mEq. per 
litre without any potassium supplement, and the urine pH fell to 4-8. Ten days 
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after operation the pH of routine specimens began to fall, and was often below 
6, and during the last days of observation it was below 5-5. 

Both the urine pH and the serum-bicarbonate decreased as the serum- 
potassium increased, and the question arose as to whether the urine changes 
were a consequence of the lower bicarbonate level. The changes observed after 
ammonium chloride make this unlikely. Although in 1955 the decrease in 
serum-bicarbonate produced by ammonium chloride became greater as the 
serum-potassium level rose, the differences were not large, whereas the dif- 
ferences in the effect on urine pH and titratable acid were very marked. The 
association of deficient urinary acidity with a low serum-potassium has been 
found with high, normal, and low alkali reserve, as has been shown above. 


3. Potassium and sodium balances 

First admission (April 20 to June 15, 1953). A single five-day balance of 
potassium was made, beginning on May 29. The diet contained 44 mEq. of 
potassium per day, the urine 22 mEq., and the faeces 13 mEq.; there was a 
positive balance of 9 mEq. a day. The serum-potassium was 3-3 mEq. per litre 
before the balance, and 3-0 mEq. per litre immediately after. The patient was 
then given 80 mEq. of potassium chloride a day for three days only. The serum- 
potassium increased to 3-9 mEq. per litre, and maintained itself at this higher 
level without further extra potassium. A week later it was 4-2 mEq. per litre. 
From these data, and from the patient’s clinical progress, this appears to have 
been a period of spontaneous improvement. 

Second admission (September 2 to 21, 1954). For a long time before this 
admission the patient had been taking 80 mEq. of potassium chloride a day, 
albeit somewhat irregularly. This supplement was continued, and on Septem- 
ber 3 continuous daily balances were begun ; the results are recorded in Fig. 3 
as a cumulative balance. The diet contained 63 mEq. of potassium by analysis. 
The potassium chloride was continued for the first three days. This régime 
resulted in a moderate positive balance, and an increase in serum-potassium 
concentration which continued when the supplement was stopped, although the 
balance then became slightly negative. With a supplement of 80 mEq., given 
as potassium citrate, the balance again became positive, and the serum level 
reached its maximum of 3-5 mEq. per litre. With diet alone the balance gain 
became negative, and the serum level fell a little to 3-05 mEq. per litre. The 
overall balance for the 18 days showed a gain of 36 mEq. These observations 
again appear to have coincided with a natural remission, which was probably 
less complete than that observed during the patient’s first period in hospital. 
Possibly the ward diet and rest may have helped in bringing about her im- 
provement. 

The day-to-day excretion of potassium and the balance data during the 
patient’s second and third periods in hospital are shown in Appendix I, 
Table VII. 

Third admission : period before operation (October 17 to November 29, 1955). 
Potassium. The serum-potassium level had fallen to just over 2 mEq. per litre, 
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but the patient was in balance on a diet containing 63 mEq.; she excreted 
52 mEq. in the urine and 6 mEq. in the faeces (Fig. 4). With a daily supplement 
of 161 mEq. as petassium chloride the balance became strongly positive, and 
the serum-potassium level rose to 3 mEq. per litre. Subsequently, with diet 
alone, the serum level fell, and the retained potassium was steadily lost in the 
course of the next week. A daily supplement of 269 mEq. gave a strikingly 
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Fic. 3. Showing the serum-potassium and the cumulative potassium balance 
during the patient’s second period in hospital. The figures along the base line 
of the balance are the daily faecal loss of potassium in mEq. 


positive balance, and the serum-potassium increased abruptly, and on the 
fourth day reached 5-1 mEq. per litre. As soon as this was known the potassium 
chloride was stopped. Much of the retained potassium was quickly lost and the 
serum level fell steadily, reaching the original level of 2-3 mEq. per litre after 
five days. The situation had obviously changed since the earlier admissions, for 
the patient was no longer able to maintain a serum level above 2-5 mEq. per 
litre in spite of the assistance of intermittent but massive doses of potassium. 
Either she was in a more active stage of her disorder, or the disease had increased 
in severity. We decided to give her a continuous supplement of 161 mEq. of 
potassium chloride. The serum-potassium increased quickly to between 3-5 and 
4 mEq. per litre, and was maintained at that level until her operation three 
weeks later. During the first week of this supplement a large amount of potas- 
sium was retained, and then the patient remained in balance, having retained 
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about 500 mEq. since her admission. During this time prednisone was given 
to her for six days ; there was a small loss of potassium, but possibly a continuing 
gain of potassium from the supplement was prevented. Corticotrophin produced 
a much larger loss on the third and final days of its administration, and most 
of this was regained on the following day. 

Sodium. The sodium balance showed a retention of 169 mEq. immediately 
after the first period of potassium therapy. During the second, high-dosage, 
period 99 mEq. was released, and this phase was followed by retention of 
219 mEq. before the continuous supplement of potassium was begun. In the 
first four days of the continuous supplement 128 mEq. of sodium were lost, but 
on the third day of this period ‘diamox’ had been given. It seems likely that 
the extra sodium was displaced by potassium from the cells. We have no 
figures for extracellular-fluid volume, but there was no change in the level of 
serum-sodium, in the haemoglobin concentration, or in the body-weight. The 
administration of prednisone for six days resulted in an initial slight increase in 
sodium retention, which was reversed from the third day onwards, whereas 
corticotrophin produced a significant increase and a corresponding increase in 
weight. The retained sodium (169 mEq.) was released promptly on withdrawal 
of corticotrophin. 

Operation and subsequent period (November 30 to December 22, 1955). On the 
day of operation the patient was given a pint of blood, and potassium chloride 
in 5 per cent. dextrose-water, to a total of 147 mEq. of potassium. On the fol- 
lowing day she received 76 mEq. in 5 per cent. dextrose-water, and on the second 
day after operation 182 mEq. in milk and dextrose-water. On the third day a 
liquid diet, containing the same amount of potassium as the diet before opera- 
tion, was offered to her, but much of it was rejected. On the fifth day she 
returned to the diet she had had before the operation, but took it somewhat 
irregularly until the end of the recorded observations. For three days after the 
operation there was retention of potassium, the cumulative balance reaching 
a peak of 683 mEq. After this potassium was slowly iost until the mean value 
before operation, of +450 to +500 mEq., was regained. During the last week, 
which began 14 days after the operation, she was in potassium balance on an 
intake of 63 mEq. per day. After the operation there was a striking loss of 
sodium, which continued for a week, and was then replaced. The serum-sodium 
concentration fluctuated irregularly between 136 and 142 mEq. per litre. The 
early loss of sodium with retention of potassium after operation, coinciding with 
the withdrawal of cortisone, may have been an indication of insufficient adrenal 
cortical secretion, and the subsequent restoration of balance may be attributed 
to increasing activity of the remaining adrenal. The episode of hypotension five 
hours after the operation may also have been an indication of temporary adrenal 
insufficiency, and the progressive increase of circulating eosinophils after opera- 
tion lends support to this contention. 

The final result as regards the patient’s third period in hospital was that she 
had gained 450 mEq. of potassium, and at the end of it she was in balance on 
an intake of 63 mEq., with a serum-potassium level of over 4 mEq. per litre. In 
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considering the size of this gain of potassium it must be remembered that she 
had been taking extra potassium for many months. : 

Saliva : potassium and sodium concentrations. Numerous determinations were 
made on saliva collected at 9 a.m., and the Na/K ratio calculated. This ratio 
varied between 0-31 and 0-52 (mean 0-44) before the adrenalectomy, and be- 
tween 0-41 and 0-48 (mean 0-46) after recovery from the operation. Since 
Pawan (1955) has found the ratio to vary from 0-15 to 2-1 (mean 0-58) in normal 
people, it does not seem that this determination is of much value. 

Faecal potassium. The loss of potassium in the faeces before operation 
amounted to 6 to 8 mEq. per day, with an increase to 12 mEq. at tne time of 
the largest potassium supplementation (November 3, 1955). After operation az 
interesting but unexplained feature was the finding of 14 mEq. a day during 
the last 14 days of observation. Possibly intestinal secretions were then richer 
in potassium, but the explanation was not supported by the analysis of the 
saliva. Absorption of potassium was always adequate. 


Discussion of the Clinical and Metabolic Findings 
It is quite clear now that most of the cases of so-called potassium-losing 
nephritis, such as that reported by Evans and Milne (1954), are really examples 
of the syndrome of primary aldosteronism. This syndrome comprises transient 
paralyses, tetany, persistent hypertension, hypokalaemia, often accompanied 
by alkalosis, renal impairment with fixation of urinary specific gravity and 
acidity, and excessive excretion of potassium. Conn and Louis (1956) in report- 
ing their case, that of a 34-year-old housewife, referred tol2 other patients, in 
nine of whom removal of an adrenal adenoma had resulted in disappearance of 
the syndrome; the remaining three were recognized in retrospect as examples 
of the syndrome by the discovery of adrenal cortical adenomas at autopsy. The 
presence of an adrenal cortical tumour, however, is not essential for the produc- 
tion of the syndrome, since Iseri (Lancet, 1955) is mentioned as having know- 
ledge of a case in which both adrenal glands were found at operation to be 
hypertrophied. Furthermore, in the case of malignant nephrosclerosis reported 
by Wyngaarden, Keitel, and Isselbacher (1954), in a patient who had hypo- 
kalaemia and excessive loss of potassium in the urine, no adrenal abnormality 
was noted at autopsy. This appears to be the only proven case of ‘ potassium- 
losing nephritis’, although the cases of Brown, Currens, and Marchand (1944) 
have some claim to consideration. Apart from the above-mentioned instances 
Sayers, Eyre, and Sims (1955) have reported a case of ‘potassium-losing 
nephritis’ in a 37-year-old European woman, which appears to us likely to have 
been an example of primary aldosteronism, although it is to be admitted that 
final proof can come only from the unequivocal demonstration of an adrenal 
tumour or adrenal hyperplasia. In their patient the serum-CO, was normal, but 
so it was in Chalmers, FitzGerald, James, and Scarborough’s (1956) proven case 
of primary aldosteronism. The report by Earle, Sherry, Eichna, and Conan 
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(1951) of a low-potassium syndrome occurring as a complication of chronic 
nephritis might conceivably be a further example, although their patient, a 
41-year-old Chinese male subject, did not have hypertension, and the serum- 
bicarbonate was usually between 25 and 27 mEq. per litre. The glomerular 
filtration rate and renal plasma-flow were both moderately impaired. More 
doubtful still is the first of two cases of cryptogenic hypokalaemia described by 
Luft, Ringertz, and Sjogren (1951). The patient was a woman of 35 years who 
had chronic pulmonary tuberculosis, and who presented the syndrome of 
asthenia, anorexia, and hypokalaemia. There was a lack of urinary concentrat- 
ing power, and impaired inulin and diodrast clearance. There was, however, 
no hypertension or proteinuria, but at autopsy ‘a small adenoma in the right 
suprarenal’ is mentioned, and the cells of the zona glomerulosa were con- 
spicuously small and poor in lipoids, and had small nuclei with compact 
chromatin. In addition there were degenerative changes in the renal tubules. 
In this case the effects of deficient potassium intake (and the administration of 
deoxycorticosterone acetate) are to be considered. The significance of the 
tumour is problematical. The case of Kjerulf-Jensen, Krarup, and Warming- 
Larsen (1951) deserves reinvestigation in the light of recent knowledge. 

It is now well recognized that potassium depletion itself is responsible for 
renal changes. The kidneys of potassium-depleted animals (Follis, Orent- 
Keiles, and McCollum, 1942) show vacuolization and degeneration of the tubules. 
Similar lesions in man have been encountered in conditions in which marked 
gastrointestinal loss of potassium is probable or is likely to have occurred, as in 
the severe case of the sprue syndrome reported by Keye (1952). Disorder of 
renal function, as well as histological changes in the kidneys, results from the 
protracted misuse of purgatives and consequent potassium depletion (Schwartz 
and Relman, 1953; Relman and Schwartz, 1955) ; fixation of the urinary specific 
gravity and slight proteinuria, with a moderate reduction of glomerular filtra- 
tion rate and renal plasma-flow, were present in these circumstances, but nitro- 
gen retention was not marked. Improvement in renal function followed repair 
of the potassium depletion. Histological examination of renal tissue obtained by 
biopsy in two patients revealed hydropic degeneration of the proximal tubules. 
In Conn’s patient the kidneys showed a similar tubular lesion, while in our 
patient this appearance was seen only to a minor degree in a few tubules. 

The main features of the syndrome as encountered in Nora’s case include: 
(1) Periodic paralysis. (2) Tetany and peripheral paraesthesiae. (3) Hyper- 
tension. (4) Polyuria and polydipsia. (5) Proteinuria of a mild and persistent 
nature. (6) Inability to concentrate the urine after deprivation of fluid or 
administration of pitressin, and the passage of a feebly acid or alkaline urine. 
(7) Excessive renal wastage of potassium with a high percentage excretion 
of the filtered load, resulting in gross depletion of total body-potassium. (8) 
Persistent hypokalaemic alkalosis, temporarily reversible with potassium sup- 
plementation. Intermittent hypernatraemia. (9) Persistent electrocardio- 
graphic evidence of hypokalaemia. (10) The radiographic demonstration of an 
adrenal mass. (11) The finding of an increased urinary excretion of aldosterone. 
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(12) Amelioration or abolition of many of these abnormalities after the removal 
of an adrenal tumour. (13) Results of flocculation tests were also abnormal (a 
feature which Conn did not encounter). 

The periodic attacks of weakness did not last more than a few days, and 
involved the legs and the arms, but there was no alteration in the tendon- 
reflexes. Attacks usually occurred after the cessation of supplementary potas- 
sium therapy, often within as short a period as. four days, and usually within 
two weeks, although on one occasion an attack occurred after potassium loading 
of two or three days’ duration. Recovery was often spontaneous, but the serum- 
potassium levels frequently showed no marked parallel improvement. Tetany, 
with positive Chvostek’s and Trousseau’s sign, was often observed in the absence 
of hyperventilation, and with a normal serum-calcium level. Paraesthesiae of 
the hands and feet were frequently experienced with and without tetany. It is 
interesting that during 1955, while taking regular supplements of potassium, the 
patient kept well. Hypertension was persistent, and of mild to moderate 
severity. Operation abolished this hypertension (see Fig. 2). Polyuria and thirst 
had been present for an unknown time, and persisted until the fifth day after 
operation. The proteinuria was slight, the protein not exceeding 800 mg. in 
24 hours, and consisting largely of albumin, as shown by filter-paper electro- 
phoresis of a dialysed concentrated sample of urine. Inability to produce a con- 
centrated urine was constant, and a striking improvement occurred after 
removal of the adrenal tumour. The pH of the daily urine was always above 
6-6 unless ammonium chloride had been given, and even after this stimulus the 
response was poor. A lower pH was achieved after potassium repletion, but 
only after the tumour was removed did the acidity reach the normal limits on 
the acid side, even after ammonium chloride loading. The titratable acid 
showed similar changes, and the protection of the body bases before operation 


depended very largely on ammonia production, which appeared to be a little 


low but within normal limits. 

Renal function, as measured by filtration rate and renal plasma-flow, was 
initially within normal limits ; the subsequent deterioration in function is ascrib- 
able either to the occurrence of a complicating pyelonephritis or, more probably, 
to a progression of the renal defect. It is noteworthy that renal biopsy showed 
focal ischaemic atrophy, and areas of pronounced hyalinization of glomeruli with 
corresponding tubular atrophy. Hydropic change in the renal tubules was not 
a striking feature, as in Conn’s patient, but may well have been dispelled by the 
long period of heavy potassium repletion prior to the operation. The persistently 
high percentage excretion of the filtered potassium was abolished by operation. 
In general this percentage was lower during the patient’s first period ip hospital, 
when spontaneous remission occurred. It is of considerable importance that the 
occurrence of such spontaneous remissions be recognized. The serum-potassium 
levels may reach a normal figure, and in this case, unlike Conn’s, massive 
potassium therapy rapidly restored the serum level to normal (November 
16-19, 1955). Both Mader and Iseri (1955) and Sayers, Eyre, and Sims (1955) 
were able to restore the potassium level to normal in their patients by heavy 
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potassium feeding. Hypernatraemia need not be constantly present. Although 
in our patient alkalosis was persistent, it probably need not be so. 

One of the really striking features in the case of Nora was the persistently 
abnormal electrocardiogram (Fig. 1). The first tracing shows the usual picture 
encountered, while the second shows reversal to normal attained by four days 
of high potassium supplementation. This was the only occasion on which the 
electrocardiogram was normal before the operation. There was no obvious 
correlation between the degree of hypokalaemia and the degree of abnormality 
of the electrocardiogram. After operation there was a prompt return of the 
electrocardiogram to normal. 

Although we were able to show the grossly enlarged adrenal gland on radio- 
graphic examination, radiography may be of little help, since such cases may 
be due to bilateral hyperplasia (Iseri, 1955). Chalmers, FitzGerald, James, and 
Scarborough (1956) were able to show the tumour in their patient by this pro- 
cedure, as did Foye and Feichtmeir (1955) in a case of hypokalaemia due to an 
adrenal carcinoma of considerable size. It is probable that small adenomas and 
hyperplasia will not show up on radiography, and the decision to operate will 
have to be made on other grounds. 

Although the aldosterone excretion in the first instance was very little more 
than that of a normal subject determined at the same time, such a value should 
not deter one from making the diagnosis. In fact subsequently, in five normal 
subjects, daily urinary excretion of aldosterone ranged from 0-5 to 6-4 yg. 
(Lewis, 1956). The possibility of the aldosterone output varying with the 
potassium intake is to be borne in mind. Laragh and Stoerk (1955) found that 
restriction of dietary sodium in man, even when combined with a reduction in 
serum-sodium, produced slight to negligible aldosterone excretion unless potas- 
sium was provided with the synthetic diets used in the study. When potassium 
was given in excess, urinary aldosterone increased noticeably. While it is 
recognized that dietary sodium may have a modifying effect, change in the 
serum-potassium level appears to be an important, if not the primary, regulator 
of aldosterone activity. It will be seen in Table VIII (Appendix II) that, with 
the exception of October 19, our patient’s 24-hour aldosterone output was 
15 wg. or more. In addition the total potassium intake and relevant therapy are 
recorded. The figures are too few to permit definite conclusions, but in the main 
agree with the suggestion of Laragh and Stoerk. In a normal subject who 
excreted 1-5 yg. of aldosterone per day the excretion amounted to 9-4 yg. after 
loading with 161 mEq. of potassium daily for two days, while after two days 
on a low-sodium diet the daily urinary excretion of aldosterone was 4-8 yg. 

Although the aldosterone content of the tumour tissue (5,600 yg. per kg.) was 
not quite as great as Conn and Louis (1955) found in their patient (8,727 yg. 
per kg.), it far exceeded the amount found by Neher and Wettstein (1955) in the 
tumour tissue from a case of Cushing’s syndrome (285 yg. per kg.). 

The removal of the tumour provided no major surgical difficulties, and, in 
view of the progressive deterioration in renal function and the possibility of the 
development of irreversible severe hypertension, operation should not be 
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delayed. In spite of long-continued potassium chloride therapy which she 
received as an out-patient, the degree of depletion of body-potassium in our 
patient was of the order of at least 400 to 500 mEq. (in Mader and Iseri’s (1955) 
patient it was estimated to be over 1,000 mEq.); therefore repletion before 
operation is to be strongly advocated. Such repletion in this case may have 
been responsible for the slightness of the signs of ‘vacuolar nephropathy’ found 
on renal biopsy. In addition, if the marked loss of sodium and increase of 
circulating eosinophils immediately after operation are to be interpreted as 
evidence of failure of the remaining adrenal gland to take over and maintain 
normal adrenal function, then adequate cortisone cover, with subsequent 
stimulation by the administration of adrenocorticotrophin, would appear to be 
a necessary adjunct to operation. A prompt decrease of circulating eosinophils 
following the injection of corticotrophin before operation is evidently no guaran- 
tee against subsequent adrenal deficiency. 

Although during the patient’s first two periods in hospital the flocculation 
tests were abnormal, liver biopsy at the time of operation revealed only a minor 
fatty change and a doubtful increase in the portal fibrous tissue. It remains to 
be seen whether this was a coincidental finding in our patient, or whether other 
cases of aldosteronism will show similar findings. 
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APPENDIX I 
TaBLe VII 
Data of Potassium Balances in Milliequivalents 


Date Intake Urine Faeces Balance Remarks 
1954 


+43 57 mEq. KCl given 
+68 80 ” ” 
+12 80 ” ” 
—20 
+8 
—21 
—10 112 mEq. ammonium chloride given 
—33 112 
112 


DO 


KOC 


i 
120 69 
143 123 
63 76 
63 48 
63 17 
63 65 
63 88 
63 62 
i 
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TABLE VII (contd.) 
Intake Urine Faeces Balance Remarks 


143 82 
143 86 
143 

63 

63 

63 

63 

63 

63 


+54 80 mEq. potassium citrate given 
+50 80 
+23 80 
— 26 
—26 
—25 
—19 
—29 
—7 


63 
63 
63 
57 
218 
224 


+3 

+11 
—34 
+187 161 mEq. KCl given 
+109 161 
222 +103 161 
63 —33 

63 — 20 

58 —48 
—50 
—45 


ono 


269 mEq. KCl given 
269 

269 

134 


120 
161 
161 
161 
161 
161 
161 
161 ; prednisone 20 mg. 
161 aU 
161 
161 20 
161 20 
161 20 
161 
161 
161 ; ACTH 100 mg. 
161 
161 100 
161 100 ,, 
215 ” ” 
Operation ; cortisone 200 mg. 
76mEq. Kel; ,, 150 
100 

75 

50 

25 


6 
6 
7 
7 
7 
6 
12 
12 
12 
12 
7 
7 
7 
7 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
6 
6 
6 
6 
6 
6 
6 
6 
2 
2 
2 
2 
2 
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1954 
Sept. 12 
13 
14 
15 
17 
18 
19 
20 
1955 
Oct. 18 fs 
19 
: 20 
21 
22 
93 
24 
25 
26 
27 
28 
29 5 
, 30 60 110 —57 
31 63 116 —60 
at Nov. 1 63 75 —18 
2 332 102 +218 5 
4 3 6331 174 +145 
4 332 199 +121 
5 197 263 —178 
6 63 179 —123 
7 63 115 —59 
8 59 133 —8sl 
9 62 89 —34 
10 173 117 +46 4 
ll 224 154 +60 
12 224 185 +29 
13 220 155 +55 
14 223 158 +55 
15 224 169 +45 
16 221 104 +107 
17 224 206 —22 
18 224 204 +10 
19 222 256 —44 
20 224 239 —25 
21 224 178 +36 
22 248 —35 
23 «213 225 
24 212 187 +19 
25 224 182 +36 
26 224 228 —10 
27 306 — 98 
28 224 258 —40 
29 «278 157 +115 
30 147 102 +43 
Dec. 1 76 57 +17 
2 182 60 +120 
3 78 60 +16 
4 20 54 nt 
5 45 51 —10 ; 
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Date Intake Urine Faeces Balance Remarks 
1955 


Dec. 6 63 46 4 +13 
63 51 14 —2 
60 —10 
50 —22 
63 —7 

—43 
—18 
—17 
—18 
—33 
—13 

—4 


+16 
0 
—5 


APPENDIX II 


Methods. Routine laboratory methods were used as detailed in earlier papers 
(see Jackson and Linder, 1953), with the following additions. 

Sodium and potassium in food, faeces, and urine: the complete collection of 
food or faeces was homogenized in a Waring Blendor, and an aliquot correspond- 
ing to one-tenth of one day’s sample was evaporated on a water bath and ashed 
overnight at 450° C. in an electric furnace. The ash was dissolved in a little 
dilute HCl, and made up to 100 ml. with distilled water. This required 10 to 
100 times further dilution for the flame photometer. Urine was suitably diluted 
without ashing. Creatinine: method of Bonsnes and Taussky (1945). Inulin: 
method of Roe, Epstein, and Goldstein (1949). 17-hydroxycorticoids: method 
of Reddy, Jenkins, and Thorn (1952). 17-ketosteroids: Medical Research Couneil 
standard method (1951). 

Aldosterone and cortisol determinations. Dr. B. Lewis’s report. The tumour 
and attached adrenal tissue was extracted by a modification of the method of 
Cartland and Kuizenga (1936). Alkali-washed paper strips were used for 
reversed-phase chromatographic purification followed by resolution of steroids 
in the B5 system of Bush (1952). Cortisol was determined by fluorimetry in 
sulphuric acid (Sweat, 1954). The presence of aldosterone was shown by 
chromatography of an aliquot of the appropriate eluate in system C, and by 
acetylation of a second part which was run in benzene/formamide. Spots which 
showed both yellow fluorescence with sodium hydroxide and reduction of blue 
tetrazolium were observed, with Rf. values within 3 per cent. of aldosterone or 
its diacetate. The remainder of the aldosterone eluate was run in system C, 
aldosterone being determined by the method of Nowaczynski, Goldner, and 
Genest (1955). 

Urine specimens were acidified to pH 2, and extracted immediately and after 
24 hours with chloroform. Reversed-phase chromatographic purification (using 
85 per cent. methanol) and resolution in systems B5 and C followed. Determina- 
tion was by visual assessment of spots, or by fluorimetry using potassium tert- 
butoxide. With fluorimetry the recovery of aldosterone from urine was from 
68 to 84 per cent. in five determinations. The plasma-cortisol (Lewis, 1956) 
was 6 wg. per 100 ml., and the plasma-aldosterone 0-25 yg. per 100 ml., on 
November 11, 1955. The results of the urinary aldosterone estimations are 
listed in Table VIII, which shows also the potassium intake and relevant 
therapy. The normal range of urinary aldosterone excretion per day in five 
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subjects aged from 18 to 27 years (three men and two women) was 0-5 to 6-4 yg. 
(mean 4-0 wg.) (Lewis, 1956). The tumour contained 5,600 yg. of aldosterone 
per kg. and 20 yg. of cortisol per kg.; the adrenal remnant had no detectable 
aldosterone, but contained 200 yg. of cortisol per kg. 


VIII 


Urine aldosterone Potassium 
excretion intake 
(ug-/24 hours) (mEq./24 hours) Remarks 
19.10.55 . 63 Control diet 
7.11.55 . ° 63 Control diet (2 days after 
potassium loading) 


13.11.55 . ° 220 
16.11.55 . ° 220 
20.11.55 . ° ° 220 4th day of prednisone 
27.11.55 . ° ° 220 3rd day of ACTH 


10.12.55 . ° ° , 63 10th day after operation 


Summary 


1, The occurrence in a Cape Coloured woman of primary aldosteronism due 
to an adrenal adenoma is reported. 

2. The clinical presentation of the case is discussed ; the main features of the 
syndrome include: (1) Periodic paralysis. (2) Tetany and peripheral paraes- 
thesiae. (3) Hypertension. (4) Polyuria and polydipsia. (5) Proteinuria of a 
mild and persistent nature. (6) Inability to concentrate the urine after depriva- 
tion of fluid or administration of pitressin, and the passage of a feebly acid or 
alkaline urine. (7) Excessive renal wastage of potassium with a high percentage 
excretion of the filtered load, resulting in gross depletion of total body-potassium. 
(8) Persistent hypokalaemic alkalosis, temporarily reversible with potassium 
supplementation. Intermittent hypernatraemia. (9) Persistent electrocardio- 
graphic evidence of hypokalaemia. (10) The radiographic demonstration of an 
adrenal mass. (11) The finding of an increased urinary aldosterone excretion. 
(12) Amelioration or abolition of many of these abnormalities after the removal 
of an adrenal tumour. (13) In addition, flocculation tests gave abnormal results. 

3. The successful removal of the tumour was followed by almost complete 
resolution of the syndrome. 

4. Metabolic studies showed a potassium deficit of about 500 mEq. in spite 
of prolonged potassium chloride therapy. . 

5. While recognizing the importance of demonstrating an adrenal mass by 
radiography, or an excessive excretion of aldosterone in the urine, one must be 
prepared to diagnose the condition without these aids. The clinical features, 
supported by the presence of hypokalaemia with or without alkalosis, and the 
excessive loss of potassium in the urine, coupled with signs of renal impairment, 
particularly proteinuria, fixation of specific gravity, and fixation of urinary pH 
close to neutrality, are sufficient evidence for a presumptive diagnosis. 

6. In view of the progressive nature of the renal changes, and their apparent 
reversibility, the need for early operation is stressed. Repletion with potassium 
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before operation, and protection with cortisone during and after operation, are 
desirable. 


ADDENDUM 


On re-examination (1.8.56) the patient was free of symptoms and in robust 
health, having worked steadily as a sempstress since shortly after discharge 
from hospital. There was no polyuria. There were no abnormal physical signs. 
The blood-pressure was 130/85. The serum-sodium was 136 mEq. per litre, 
the serum-potassium 4-7 mEq. per litre, and the serum-CO, 55 vols. per cent. 
The urine contained no protein, and the specific gravity readings of two random 
samples were 1,014 and 1,016. The specific gravity of the urine two hours after 
the subcutaneous injection of pitressin was 1,018. 

2.8.56. Investigation of renal function (by courtesy of Dr. E. Dowdle and 
Mr. T. J. Turner): inulin clearance, 86-2 ml. per minute (method of Schreiner, 
1950); creatinine clearance, 104-2 ml. per minute ; potassium clearance, 7-9 ml. 
per minute; potassium excreted, 9-2 per cent. of filtered load. (All clearance 
figures corrected to 1-73 square metres body surface.) 

15.8.56. Urinary aldosterone: 2-0 yg. per 24 hours. 

Since submitting this paper for publication we have noted with interest the 
report of Mahler and Stanbury (1956) of a case of apparently genuine potassium- 
losing renal disease, but we do not agree that the possibility of repairing the 
gross potassium deficit is a point in favour of the diagnosis of potassium-losing 
nephritis. It is evident from our case that this restoration can be achieved at 
least in some cases of primary aldosteronism. Since, as in our case of primary 
aldosteronism, random determinations of urinary aldosterone may be within 
normal limits, we concur with Aird, Milne, and Muehrcke (1956) that the only 
certain way (in the absence of radiographic identification of an adrenal mass) 
of excluding primary aldosteronism is by planned exploration of the adrenal 
glands. The question, however, has still to be settled whether secreting adrenal 
tissue may exist in other sites. 

It is not surprising that a diagnosis of pyelonephritis has been made in similar 
cases in view of the evidence of chronic renal disease coupled with the frequent 
finding of organisms in the urine. In the case of our patient organisms were 
isolated on more than one occasion. In a brief preliminary report of this case 
(Eales and Linder, 1956) we suggested that the severe tubular lesions produced 
by potassium deficiency might act as a locus minoris resistentiae for infection, 
but the abnormal urinary pH may be an additional contributory factor. We 
are therefore doubtful about the value of renal biopsy as a means of differentiat- 
ing potassium-losing pyelonephritis and primary aldosteronism. 
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Fic. 5. Tomogram taken after Fic. 6. The adrenal tumour and adrenal rem- 


perirenal air insufflation via the nant on cross-section. The tumour was bright 


presacral route. An adrenal orange-yellow in colour 


mass can be clearly seen capping 
the left kidney 


Fic. 7. The histological appearance of the tumour (haematoxylin and eosin) 
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Fic. 8. Biopsy of the right kidney, showing local ischaemic atrophy with degenerative 
changes in the tubules. Vacuolar changes were slight 


Fic. 9. Biopsy of the left kidney, showing an area of hyalinized glomeruli with j ; 
corresponding tubular atrophy | : 
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THE ASSOCIATION OF PHYSICIANS OF GREAT BRITAIN 
AND TRELAND 


1956 


FIFTIETH ANNUAL GENERAL MEETING 


Tue FirtretH ANNUAL GENERAL MEETING was held in London at The Beveridge Hall, 
the Senate House, University of London, on Friday and Saturday, May 25 and 26. The 
attendance book was signed by 278 members and 31 visitors. 


The President, Professor Crighton Bramwell, was in the Chair. 


The Minutes of the last Annual General Meeting, having been published in the Quarterly 
Journal of Medicine, were taken as read, confirmed, and signed. The following Officers, 
Executive Committee, Honorary Members, and Ordinary Members were elected unani- 
mously: 

Executive Committee 


President. Sir W. Russell Brain, Bt. 
President-Elect. Professor Sir L. 8. P. Davidson. 
Treasurer. Dr. C. Newman. 

Secretary. Dr. C. M. Fletcher. 

Members for England and Wales. Professor G. W. Pickering. 


Dr. E. R. Boland. 


Members for Scotland. 


Members for Ireland. 
Dr. Brendan O’Brien. 


Honorary Members 


Sir Henry Dale. 

Lord Adrian. 

Dr. J. Maurice Campbell. 
Dr. J. N. Cruickshank. 
Sir N. Hamilton Fairley. 
Dr. F. G. Hobson. 

Dr. David Smith. 


Foreign Honorary Member 
Dr. F. R. Loeb. 


Ordinary Members 

Alfred Robert Davies Adams, M.D., F.R.C.P., Senior Lecturer in Tropical Medicine, 
University of Liverpool. 

Richard Asher, M.D., F.R.C.P., Physician, Central Middlesex Hospital. 

John Badenoch, D. M., M.R.C. P., Research Assistant, Nuffield Department of Clinical 
Medicine, University of Oxford. 

Geoffrey Malcolm Barrett, M.D., M.R.C.P., Physician, Lancaster and Kendal Group 
of Hospitals. 

Hugh Edward de Wardener, M.D., M.R.C.P., Senior Lecturer in Medicine, St. Thomas’s 
Hospital. 


Quarterly Journal of Medicine, New Series XXV, No. 100, October 1956. 
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Dr. E. E. Pochin. 
: Professor H. Scarborough. 
Dr. W. Brockbank. 
Dr. J. 8S. Richardson. 
Dr. J. G. M. Hamilton. 
3 Dr. A. A. F. Peel. 
Dr. I. Gordon. 
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Kenneth Smedley MacLean, M.D., F.R.C.P., Assistant Physician, Guy’s Hospital. 

Robert Macfie Marquis, M.B., M.R.C.P., Physician, Royal Infirmary, Edinburgh. 

John Marshall, M.D., M.R.C.P., Senior Lecturer in Neurology, University of Edinburgh. 

Thomas Semple, M.D., F.R.C.P.E., Assistant Physician, The Victoria Infirmary, 
Glasgow. 

John Rupert Squire, M.D., F.R.C.P., Professor of Pathology, University of Birmingham. 

Edward Geoffrey Wade, M.D., M.R.C.P., Lecturer in Cardiology, University of Man- 
chester. 

William Walker, M.B., M.R.C.P., Lecturer in Therapeutics, University of St. Andrews. 

Geoffrey Watkinson, M.D., M.R.C.P., Lecturer in Medicine, University of Leeds. 


The President recalled that the question of invitation of guests to the Annual Dinner 
had been discussed at the last Annual General Meeting, and that the formulation of a rule 
had been left to the Executive Committee. They, in the light of that discussion, now pro- 
posed the following addition to Rule 18: ‘Not more than five official guests shall be invited 
to the Annual Dinner. Members may invite as private guests those who present a com- 
munication to the meeting or contribute materially to the scientific proceedings as 
demonstrators or organizers. Other private guests shall not exceed 10 in number and their 
invitation must have the agreement of the President.’ This was put to the vote and carried 
unanimously. 


The Treasurer referred to the anomalous title of Honorary Members who in fact were 
asked, and agreed, to contribute to the cost of providing them with the Quarterly Journal 
of Medicine. Their numbers were now such as would prejudice the finances of the Associa- 
tion if they were truly honorary and yet continued to receive the Journal. For this reason 
the Committee proposed that there should be a small number of true Honorary Members 
who should either be original members, past presidents, or men of distinction in medicine 
or science who had not previously been members of the Association. The rest of the present 
Honorary Members should be called Senior Members. Since 1951, when the rule of resigna- 
tion of ordinary membership at the age of 65 had been introduced, it had become the 
custom of the Executive Committee to nominate as Honorary Members not only retiring 
members ‘of distinction in medicine, who have contributed to its advancement’, but also 
those who from their attendance at Annual General Meetings had shown themselves to 
be keenly interested in the Association. If the Association agreed, the Committee would 
continue this practice in respect of Senior Members. 


The President then proposed the following additions to Rules 2 and 19: Addition to 
Rule 2, at the end of the rule: ‘Such retiring Members may be nominated by the Executive 
Committee for election as Senior Members.’ Rule 19: after ‘Sixty Shillings a year’ add 
‘and of Senior Members Forty Shillings a year’. 


The Treasurer, in presenting the Annual Account for the year 1956, said that the 
Association’s financial state was satisfactory, though stability depended more upon capital 
accumulated in the past than upon the present rate of saving. He drew the attention 
of the Association to the striking recent rise in the cost of Annual General Meetings from 
£10. 16s. in 1950 to £172. 14s. last year. He proposed that, at the request of the Editors, 
an extraordinary grant should be made to the Journal of not more than £285 to enable 
a larger issue to be published and thus reduce delays in publication of papers accepted. 
The accounts, displayed on a lantern slide, were approved, adopted, and entered into the 
minutes, and the request of the Editors of the Journal was also approved. 


Places of Meeting, 1957 and 1958. The Association having agreed to meet in 1957 in 
Edinburgh under the Presidency of Professor Sir Stanley Davidson, Professor R. E. Tun- 
bridge invited the Association to Leeds in 1958. The invitation was cordially accepted. 


The Secretary told the Association of an invitation which the Committee had sent to the 
American Association of Physicians to appoint a representative to the Jubilee Meeting 
this year and to partake in a joint meeting. It had been pointed out that the 1957 meeting 
could also be regarded as something of a jubilee (being the 50th anniversary of the First 
Annual General Meeting). The Secretary of the American Association had replied that, 
‘while all agreed that the idea was most attractive, we felt that it was not a practical 
possibility, and was, in fact, contrary to the constitution of our Association, which 
stipulates that our meeting shall be held either in Atlantic City or in Washington. We 
hope, however, that a delegation of our members can attend your Jubilee Meeting next 
year, and this was urged on our membership by the President, Dr. John R. Paul.’ He 
later wrote to say that Dr. J. Howard Means of Boston was to be in London this May. 
The President had invited him to the present meeting as representative of the American 
Association. 
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The Secretary also read a letter from Dr. Dockeray inviting any member of the Associa- 
tion who might be in East Africa in July, to attend the Annual General Meeting of the 
East African Association of Physicians at Nairobi. 


The New President, Sir W. Russell Brain, then took the Chair, and expressed the gratitude 
of the Association to the retiring President, Professor Crighton Bramwell. 


SCIENTIFIC BUSINESS 
Friday Morning, May 25 
1. The President, Str W. Russe. Brat, gave an account of the History of the Associa- 


tion, which will appear in the January number of the Journal, 1957 (volume 50 of the 
continuous series). 


Sm Henry Tivy said that the photograph to which the President referred hac the 
legend ‘The Treasurer collecting subscriptions, or Bart’s v. Guy’s, taken by John Hay’. 
The two members were Sir William Hale-White and Sir Wilmot Herringham. Cannan, 
at that time Secretary to the Delegates of the Clarendon Press, once described how the 
Press came to publish the Quarterly Journal of Medicine. The Press was deriving a large 
profit from the sale of Bibles, and was prepared to publish highly technical journals which 
could only command a limited sale, without considering if a moderate loss would result, 
Osler walked into Cannan’s office one day and asked if the Press would publish the 
Quarterly Journal. Cannan agreed, the only condition then made being that the members 
of the Association of Physicians should purchase the Journal. 


2. Dr. C. F. Hawkins and Dr. M. J. MEyNELL (introduced), in their communication 
on Macrocytosis and Megaloblastic Anaemia in Epileptics on Anticonvulsant Drugs, said. 
that this type of megaloblastic anaemia had been recognized only in the last two years. 
They had suggested that phenytoin was the cause in their original case, being also the 
common factor in two cases of similar megaloblastic anaemia shown by Badenoch at the 
Royal Society of Medicine at that time. A colony had been investigated for other cases, 
and one had been found amongst 159 epileptics. Slight degrees of macrocytosis, however, 
had been quite common, and 36 per cent. of the patients had had a mean corpuscular 
volume from 94 to 114 c.u, usually persisting over two years’ observation and confirmed 
by Price-Jones curves, with blood counts otherwise normal. Macrocytosis occurred in 
45 per cent. of those receiving phenytoin and phenobarbitone, in 27 per cent. of those on 
phenytoin, and in 34 per cent. of those taking phenobarbitone alone. Phenobarbitone 
had not before been incriminated as causing blood changes. The larger the combined dose 
of phenytoin and phenobarbitone, the more frequent was the macrocytosis, and it was 
not related to the number of fits. There were, as Girdwood had recently pointed out, 
certain structural similarities in the formulae of phenytoin, phenobarbitone, and primi- 
done. Although the hypertrophic bleeding gums due to phenytoin might suggest ascorbic 
acid deficiency, no evidence of this had been found. Serum levels of vitamin B,, were 
normal. Folic-acid excretion tests, after 5 mg. orally and subcutaneously, were also 
normal, yet the macrocytosis disappeared after oral folic acid. The anomaly of this 
response with normal folic-acid excretion tests might, they suggested, be explained if the 
drugs blocked the utilization of folic acid so that large doses were necessary to overcome 
the block. Eight cases of macrocytic anaemia—one only from the colomy—had been 
studied. Severe anaemia with oral lesions was common, and was often erroneously 
diagnosed as pernicious anaemia. The bone-marrow was megaloblastic in five patients, 
probably megaloblastic in one, macronormoblastic in one, and hypoplastic in another. 
Five were on phenytoin and phenobarbitone, two on phenytoin alone, and one on primidone 
and phenobarbitone. Four responded to vitamin B,,, and four to folic acid. Folic acid 
was the drug of choice in all cases and, with this, the same dose of anticonvulsant drugs 
could be continued. 


Dr. JoHN BapENocH reported two cases observed since 1954. Both had presented 
ulcerative stomatitis and agranulocytosis. When phenytoin had been stopped both patients 
had shown an initial remission after blood transfusion and antibiotics only. Several 
months later anaemia had recurred in both patients while on phenobarbitone alone. One 
had been treated successfully with folic acid and had remained in remission for several 
months, but the drug had later been restarted because macrocytosis had developed. The 
second patient had responded to vitamin B,,. Since 1954 she had remained in remission 
without it, although five months pregnant. She had, however, continued to take pheno- 
barbitone for her fits, and still showed some macrocytosis. 
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Dr. SHEILA CALLENDER asked whether folic acid or vitamin B,, had been continued 
in all the cases after full haematological remission. 


Dr. Denis WILLIAMS said that the figures presented seemed to suggest that macrocy- 
tosis occurred particularly in patients responding to anticonvulsants, since the occurrence 
was high with phenobarbitone and phenytoin sodium, and not with the other substances 
used more often when those anticonvulsants had failed. 


Dr. HuGH GARLAND said he had seen three examples of macrocytic anaemia arising in 
patients under treatment for epilepsy within the previous few weeks. All were female 
subjects in the thirties. One had been treated with phenobarbitone and epanutin for five 
years and mysolin for 18 months, another had had phenobarbitone and epanutin for nine 
years and mysolin for 14 months, and the third had had phenobarbitone and epanutin 
for three years. In all three gastric secretion was normal, all three had failed to respond 
to vitamin-B,, treatment, but all had responded very quickly to folic acid. Throughout 
treatment anticonvulsant treatment had been unchanged. 


Dr. R. L. RicHarps reported two cases of megaloblastic anaemia in epileptic patients, 
both receiving phenytoin and primidone. The first patient was very ill with high fever, 
anaemia, and leucopenia, and required blood transfusion. He had been on phenytoin for 
several years, but on primidone for only a short period, and the anaemia appeared to have 
developed very soon after starting primidone. The second patient was not so ill. The 
unusual features in his case had been a very high erythrocyte sedimentation rate and a 
marrow which was not frankly megaloblastic, but hyperplastic with a maturation arrest 
of red-cell precursors. Both patients responded to Vitamin B,,. He asked whether any 
of Dr. Hawkins’s cases had had high sedimentation rates. 


Proressor L. J. Witts remarked that megaloblastic anaemia in epileptics on anti- 
convulsion drugs was not confined to this country. Cases were now being reported in the 
United States and Scandinavia. 


Dr. J. H. D. Mrtxar asked if it was necessary to treat patients who had macrocytosis 
without anaemia. 


In reply, Dr. Hawxrns said that it might be advisable for epileptics on anticonvulsant 
drugs to have regular blood counts made, but he would not like to commit himself as to 
how frequently, since the megaloblastic anaemia was very uncommon. The macrocytosis, 
by itself, did not appear to be of practical significance ; it was an isolated finding, and the 
blood counts, including the white cells, were otherwise normal. He could not recollect 
having noted high sedimentation rates in the cases of megaloblastic anaemia. The anti- 
convulsant drugs, together with B,, or folic acid, had been continued in these patients, 
and a controlled trial was being done to assess whether the striking remission of the fits 
in some was of significance, and whether the addition of folic acid in cases of macrocytosis 
might be advisable or not. 


3. Dr. Mary D. Samira (introduced by Proressor L. J. Wirrs) described studies of 
Alimentary Iron Absorption after Partial Gastrectomy. Radioactive techniques had been 
used to study iron absorption before and after partial gastrectomy. Studies had been made 
on 28 patients with peptic ulcer before operation. Twenty-two of these patients had had 
a partial gastrectomy (six by the Polya technique), and 21 had been reinvestigated at 
six weeks and six months after operation. A further 27 patients had been studied one to 
five years after a Polya partial gastrectomy. A solution of ferrous sulphate containing 
5 mg. of iron labelled with 5 yc. of **Fe had been given by mouth with 50 mg. ascorbic 
acid after overnight fasting. The iron not recovered in the faeces was assumed to have 
been absorbed, and was checked by the amount of labelled iron subsequently incorporated 
into the red blood-cells. In normal controls, absorption of 8 per cent. to 39 per cent. of 
the test dose was observed. In ulcer patients before operation the range was 7 to 69 per 
cent., with a mean of 29 per cent.; six weeks after operation it was 3 to 45 per cent., 
with a mean of 25 per cent., and at six months it was 3 to 74 per cent., with a mean of 
26 per cent. Comparison of pre- and post-operative levels in the same patient revealed 
only a slight trend towards reduced absorption after operation. This reduction was not 
always found in both post-operative tests, and absorption remained below 10 per cent. 
in only three patients. The Polya patients investigated more than a year after operation 
showed a mean absorption of 35 per cent. Of eight who had become anaemic, seven were 
capable of augmented iron assimilation characteristic of iron-deficiency anaemia from 
chronic loss of blood. 
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The absence of gross impairment of iron assimilation and the occurrence of increased 
absorption in anaemic patients favoured blood loss as the cause of iron-deficiency anaemia 
after gastrectomy, and made it unlikely that malabsorption of iron played an important 
contributory role in its development. It was emphasized that further observations were 
desirabie in respect of iron derived from food. 


Proressor G. M. WILSON stated that in Sheffield similar results had been obtained by 
using ®*FeSO, to measure iron absorption in fasting patients before and after partial 
gastrectomy, but agreed that it was essential to study the absorption of iron in an organic 
form when consumed with food. Some preliminary observations using rabbit’s blood 
labelled with °*Fe suggested that iron given in this way was less readily absorbed after 
partial gastrectomy. 


Dr. G. A. Smart said that, in 144 post-gastrectomy cases with no evidence of bleeding 
(including absence of occult blood on three occasions), the Polya patients had had signi- 
ficantly lower haemoglobin levels than the Billroth patients. In Polya cases within five 
years of operation the mean serum-iron level was higher than in those studied after five | 
years. This might suggest poor absorption of iron after the Polya operation. He was 
investigating the problem by giving radioactive iron in food, but hitherto had been unable 
to detect absorption of more than 2 per cent. of this iron in normal subjects. 


Proressor L. J. Wirts said that it was rarely necessary to invoke malabsorption as 
the cause of anaemia after gastric operations. Persistent ulceration and menorrhagia 
were the common causes. In other patients, without evidence of bleeding at the time of 
examination, a simple calculation would show that normal iron stores would have sufficed 
to prevent anaemia during the period of observation, so that intermittent bleeding must 
have occurred. 


Replying, Dr. Smrru said that the slightly increased absorption in her patients with 
normal haemoglobin 15 years after operation might be due to minor iron depletion, but 
it was noteworthy that they had not had any demonstrable defect in iron absorption to 
suggest malabsorption of iron as the cause. 


4. Dr. C. A. CLARKE, Dr. R. B. McConnetz, and Dr. P. M. SHEepparp (introduced) 
discussed The ABO Blood-Groups and Secretor Status in Duodenal Ulcer. Recent work had 
suggested an association between blood-group O and peptic ulcer in several areas of 
Europe and also in the U.S.A. Hitherto comparisons had always been made between 
the blood-groups of ulcer patients and those of control series of unaffected people living 
in the same areas. Such controls could be unsatisfactory, in that a population of mixed 
origin might show a high frequency both of group O and ulcer without the two being 
causally connected. Sibship studies in which unaffected sibs acted as controls were not 
subject to this criticism. An analysis of 293 duodenal-ulcer sibships in Liverpool gave 
no support to the hypothesis that a group O individual was more likely to have duodenal 
ulcer than were his A, B, or AB sibs. This suggested that the association shown in previous 
work was not causal, and might be due either to stratification within the population or 
to a maternal effect. 

The secretion or non-secretion of ABO antigens in body fluids was an inherited character, 
and it seemed worth while to see whether secretors or non-secretors might have different 
susceptibilities to duodenal ulcer. Data were presented of the secretor status in the saliva 
of 514 unrelated duodenal-ulcer patients compared with the results of 491 controls in the 
general population. There was a significantly higher proportion of non-secretors in the 
duodenal-ulcer patients (35 per cent.) than in the controls (24-2 per cent.). This difference 
was found in both male and female subjects of each ABO blood-group, and in both macro- 
scopically and radiologically diagnosed cases. The figures suggested that non-secretors 
might be about 45 per cent. more liable to develop duodenal ulcer than secretors. The 
association between duodenal ulcer and non-secretion had also been found in 260 sibships, 
suggesting that the relationship was of a causal nature. The possibility was suggested 
that the ABO and Lewis antigens might confer some protection against duodenal ulcer 
by virtue of their mucoid character. 


5. Dr. M. D. Mritnz, with Proressor C. V. Harrison, Dr. R. MvUEHRCKE, and Dr. 
R. E. Sverer (introduced) in presenting the Clinical Aspects of Renal Vein Thrombosis, 
described the clinical and pathological features of 14 cases of thrombosis of the renal 
veins, in most of which the diagnosis had been made during life. The cases could be 
divided into two groups, seven with central and seven with peripheral venous thrombosis. 
Most cases of the former condition presented the nephrotic syndrome, but one such patient 
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had malignant hypertension with severe proteinuria. Renal vein thrombosis should be 
suspected in such cases if there were anastomotic abdominal veins, if there were unex- 
plained pulmonary emboli, in cases of the nephrotic syndrome in subjects with only a 
single kidney, and in cases of the nephrotic syndrome associated with malignant disease. 
The diagnosis might be confirmed by caval venography, either via the internal saphenous 
vein or by a cardiac catheter introduced into the upper portion of the inferior vena cava. 
The prognosis in cases not associated with malignant disease was better than in most 
examples of the nephrotic syndrome. In the ‘peripheral’ group the thrombosis began in 
the small tributaries of the renal veins and spread centrally. These cases clinically pre- 
sented sudden deterioration w.th oliguria and rapidly fatal uraemia, occurring in patients 
known to have chronic bilateral renal disease. In five of the seven cases this disease was 
secondary renal amyloidosis. No explanation was offered of the susceptibility of patients 
with amyloidosis to renal vein thrombosis. It was certainly not due to local infiltration 
with amyloid. It was considered that the histology of renal vein thrombosis was not dia- 
gnostic of the condition. Aspiration needle biopsy of the kidney was therefore of little 
value in the diagnosis, and might possibly carry some extra risk because of the develop- 
ment of anastomotic stellate veins in the renal capsule. 


Dr. R. M. Marquis asked if Dr. Milne had any evidence that the injection of contrast 
medium had caused extension of renal vein thrombosis in his patients. He had seen one 
death associated with venous infarction of the kidney after diagnostic angiocardiography. 
This had occurred in a grossly disabled and cyanosed child in whom the inferior vena cava 
drained into the azygos vein. Death had occurred three weeks after the investigation. 
Autopsy had shown complete occlusion of one renal vein and partial occlusion of the 
inferior vena cava by thrombosis extending from the site of injection in the saphenous 
vein. Stagnation of the inferior caval blood-flow might have been a factor, but since this 
experience he had injected heparin through the cannula as a routine after angiocardio- 
graphy. 


PROFESSOR J. CROFTON mentioned the occurrence of renal vein thromboses after thoracic 
operations, and their possible confusion with amyloidosis. 


Dr. S. W. Stansury asked whether patients with renal vein thrombosis developed 
disorders of any specific renal tubular functions. 


Dr. A. G. W. WHITFIELD said that he and Professor Squire had observed a number of 
cases of nephrosis associated with thrombosis of the renal veins. One patient, in whom 
renal biopsy showed Ellis type 2 changes, seemed to be responding to prolonged anti- 
coagulant therapy, in so far as the proteinuria was diminishing and the serum-albumin 
increasing. 


In reply, Dr. MILNE stated that he had seen no complication from caval venography ; 
this investigation had been restricted to cases in which there was no uraemia and no 
evidence of recent extension of thrombosis. No specific tests of renal tubular function had 
been carried out in these patients. ; 


6. Dr. J. B. Brown, Mr. J. Bruce, Drs. Mary Dovetas, A. I. KLopper, and J. A. 
LoraINeE (introduced), and Dr. J. A. Strrone described The Excretion of Sex Hormones 
following Adrenalectomy and Ovariectomy in the Treatment of Mammary Carcinoma. It was 
generally agreed that approximately one-third of patients suffering from recurrent or 
metastatic mammary carcinoma derived appreciable benefit from adrenalectomy and 
ovariectomy. The success of these operations might depend on the complete elimination 
of all sources of the steroid sex hormones, and failure might occur because hormone- 
secreting tissue in the form of adrenal cell-rests had not been removed. Ten patients had 
been investigated after bilateral adrenalectomy and ovariectomy. A study had been made 
of the urinary excretion of pituitary gonadotrophins, pregnanediol, neutral 17-ketosteroids, 
and three of the naturally occurring oestrogenic compounds, namely oestrone, oestradiol- 
178, and oestriol. After a control period of two days a continuous intravenous infusion 
of corticotrophin had been given for a further two days. Eosinophils in the peripheral 
blood had been counted daily, and the patients had continued to take their usual daily 
maintenance dose of 25 or 37:5 mg. of cortisone. With the exception of a rise in the 
excretion of 17-ketosteroids in two patients, no evidence of a response to corticotrophin 
had been found in any of the patients. No difference had been found in the results of the 
tests between those patients whose tumours had responded favourably to operation and 
those in whom the tumour had failed to respond. It was concluded that the amounts of 
hormone found in the urine after operation did not determine the success or failure of 
the operation. 
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__Dr. R. I. 8. Baytiss asked whether the oestrogenic steroids in the urine had been 
identified by chromatography. It was an important but curious finding that oestrogens 
were apparently secreted, according to the method of assay used, in significant amounts 
after adrenalectomy and oophorectomy. Was this oestrogenic material formed in the liver 


from other steroids, or perhaps from those given as substitution therapy to the adrenalecto- 
mized patients ? 


Dr. C. L. Core pointed out that a possible source of the residual hormone excretion could 
be the cortisone used in post-operative maintenance. This ambiguity could be resolved 
if 9a-fluoro-hydrocortisone was used for maintenance, since this substance produced a 
different series of metabolites. 


Dr. Duture asked whether the apparent rise in the excretion of 17-ketosteroids in 
response to the injection of corticotrophin might indicate an increased conversion of 
cortisone to 17-ketosteroids in these patients. 


In reply, Dr. Strone said that no observations had been made on patients after 
hypophysectomy. The amounts of oestrogens and pregnanediol found in the urine after 
operation were so small that their quantitative significance was in doubt. They might 
be produced by some source incapable of responding to stimulation by corticotrophin, or 
might represent excretion products of hormone given as maintenance treatment. A small 
supply of 9a-fluoro-hydrocortisone had been received, and a similar investigation was 
proceeding, using this steroid as maintenance therapy. The increased excretion of 
17-ketosteroids found in two patients during corticortophin infusion was not considered 
to be due to the infusion, since no other evidence of a response was found. It would have 
been desirable, but had not been possible, to repeat these two estimations. 


7. Dr. W. van’r Horr (introduced by Dr. 8S. P. Mzapows) reported Five Cases of 
Malignant Hypertension Treated by Total Adrenalectomy at the Westminster Hospital. All 
five patients were male, aged between 26 and 57. They had all had mean resting diastolic 
blood-pressures of 130 mm. Hg or over, except the last patient who had had a pressure of 
120mm. Hg. All had had papilloedema, haemorrhages, and exudates, and good renal 
function. After bilateral adrenalectomy most of the patients had been maintained on 
50 mg. cortisone daily, without salt restriction. All had felt better after operation, 
papilloedema had improved, and all had returned to work, but in no case had there been 
any significant change in blood-pressure. One was alive and working 22 months after 
adrenalectomy, one died at 10, one at 12, and two at 19 months after operation. Two 
died of pontine haemorrhages, one of a cerebral haemorrhage, and one of a ruptured dis- 
section of the aorta. Histology of the kidneys had for the most part shown only the changes 
of hypertensive arteriolosclerosis. The results of adrenalectomy in this and other series 
did not compare favourably with those of ganglion-blocking agents, or even sympathec- 
tomy. Further attempts had been made to lower the blood-pressure in two patients after 
adrenalectomy. In one cortisone had deliberately been reduced from a maintenance level 
of 50 mg. to 37-5 mg. daily, sodium intake remaining unchanged. The blood-urea had 
risen from 33 to 83 mg. per 100 ml., and the patient had complained of nausea and weak- 
ness, but there had been no fall in blood-pressure. In the second case cortisone had been 
maintained at 50 mg. daily, but the sodium intake had been reduced from 300 to 43 mEq. 
daily. There had been no significant fall in blood-pressure until the fifth day, but by 
this time the patient had been vomiting and had shown biochemical evidence of hypo- 
adrenalism. It was concluded that adrenalectomy had benefited the patients sympto- 
matically, but that it had not reduced the blood-pressure or prolonged their lives. 


Proressor MELVILLE Arnott briefly reported the experience he and his colleagues, 
Mr. Hugh Donovan, Dr. A. C. Crooke, and Dr. Stanley Taylor, had had of six cases of 
severe hypertension, five of them in the malignant phase. All had been subjected to total 
adrenalectomy. Two had died in the immediate post-operative phase. One woman died 
on the 53rd day from a brain-stem thrombosis at a time when her blood-pressure had 
approached normal limits and her general condition had much improved. Three survivors, 
all women, were in good health one to two years after the operation. Blood-pressure could 
be maintained at normal or near normal figures on a dosage of cortisone alone of less than 
50 mg. per day. Electrolyte studies had shown that these patients were in a state of mild 
adrenal insufficiency. Giving larger doses of cortisone caused a prompt return of severe 
hypertension. 


Dr. Dupitey Hart drew attention to the fact that the patients reported by Dr. van’t 
Hoff were all men, whereas those of Professor Arnott were mostly women ; he wondered 
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if this sex difference was an important point, as the two sexes reacted somewhat differently 
to prolonged hypertension. What had happened in Dr. van’s Hoff’s adrenalectomized 
patients was that, although their blood-pressure had remained unchanged, they were no 
longer cases of malignant hypertension, but had reverted to the clinical picture of essential 
hypertension. In adrenal deficiency states cortisone or salt could be withdrawn to the 
point of production of severe symptoms without (in the early stages) significant alteration 
of blood-pressure. 


Dr. C. G. BARNES said that he had had seven patients in whom bilateral adrenalectomy 
had been carried out for malignant hypertension. Two had died shortly after operation 
from renal failure, and one had been operated on only two months ago. Of the remaining 
four patients two, one man and one woman, operated on eight months and two years 
ago respectively, had lost all their symptoms, and their blood-pressure had been greatly 
reduced to a level of about 190/110. The other two patients, a man and a woman, operated 
on 18 months and three years ago respectively, had also lost all their symptoms and were 
at full work, but their blood-pressure was no lower than before operation and, in the case 
of the woman, rarely fell below 250/160. In spite of this they were free from symptoms, 
papilloedema had gone, headache had ceased, dyspnoea had practically disappeared, and 
their electrocardiographs had completely lost the pattern of left ventricular strain shown 
before operation. It appeared in these cases that adrenalectomy had in some way modi- 
fied the body’s response to hypertension, while having no effect on the blood-pressure 
itself. 


Dr. RussELL FRASER said he thought that it would be necessary to combine increased 
cortisone maintenance with a low-salt diet in order to get a satisfactory effect on the hyper- 
tension. Patients receiving an overdose of DOCA did not develop hypertension on a low 
sodium intake. 


Dr. ALAN THOMPSON said he was interested to hear that in some of these patients 
considerable improvement in the retinal lesions had followed the operation without a 
corresponding fall in the blood-pressure. He had had similar experiences in several patients, 
treated with ansolysen over a period of several weeks, who had discontinued the treat- 
ment because of the unpleasant side-effects. While under treatment these patients had 
shown a rapid clearing of the retinal lesions and subsidence of papilloedema, with no fresh 
exudates or haemorrhages; the blood-pressure had been held at near-normal levels, and 
the left ventricular stress had lessened. On discontinuing treatment the blood-pressure 
had returned to former levels, but the patients had run a more benign course, almost 
symptom-free, and with no recurrence of the retinal changes over a period of many months. 
It was as if even a brief use of ansolysen arrested the ‘malignant’ process, independently 
of the degree of hypertension, and induced a more benign progress, at least for a time. 
It was possible that malignant hypertension might in some patients be a temporary phase 
which, once arrested, might not recur, even though the initial level of hypertension 
returned. 


Dr. E. G. L. Bywaters also spoke. 


In reply, Dr. van’t Horr said he agreed with Dr. Hart that Professor Arnott’s greater 
success in reducing the blood -pressure might have been due in part to the fact that his 
series included some women, whose reaction to hypertension, is known to be different from 
that of men. He felt that Dr. Fraser’s suggestion, of reducing the sodium intake while 
increasing the maintenance dose of cortisone in hypertensive patients after total adrena- 
lectomy, was a good one, which he had not yet tried. 


2.30 p.m. Friday Afternoon 


Symposium 

A symposium on Population Studies as a Technique of Clinical Research was introduced 
by Stmr Harotp Himsworts, who said that the topic might sound arid to clinicians who 
tended to regard population studies as the concern of statisticians, the Ministries, and 
Somerset House. Our predecessors had combined the population approach with research 
on the individual as a matter of course. The loss of this combination of skills had been 
due in part to the rise of physiology, which had focused attention upon disordered 
mechanisms within the individual. This approach had been responsible for enormous 
advances in clinical medicine, but had perhaps become too exclusive. Another factor had 
been the conquest of infectious diseases, with which population studies of the past had 
been identified, while the essential nature of such studies—the discovery of associations 
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which, inconspicuous in the individual case, became evident in the group—had been for- 
gotten. Recently there had been signs of a rediscovery of this fact, and population studies 
were being used, by contrasting those affected by disease with those who were well, to 
discriminate between the multitudinous possibilities open to investigation on the indi- 
vidual, and so to give new purpose to clinical research. There were also problems in 
medicine which could be and had been solved without recourse to clinical study. John 
Snow’s contribution to the control of cholera should be remembered, and the recent 
discovery of the relation of cigarette smoking to lung cancer. There were whole tracts of 
medicine that were wholly the territory of population research, such as clinical genetics, 
the effects of the environment, and the identification of predisposition to, and pre-clinical 
states of, particular illnesses. Population studies were in fact an indispensable tool of 
clinical research, and various aspects of its use were to be described by contributors to 
the symposium. 


Dr. A. L. CocHrane described five aspects of the Results of Community Surveys carried 
out in the Rhondda Fach (a mining community) and the Vale of Glamorgan (an agricultural 
community) which were of clinical interest. 

First, the characterization of a disease by age-sex specific prevalence curves. This was 
illustrated by curves for congenital abnormalities of ribs, bronchiectasis, carcinoma of the 
lung, and rheumatoid arthritis. 

Secondly, the discovery of the true sex ratio in any disease. Hospital statistics suggested 
that rheumatoid arthritis was three times as common in women as in men, but in the 
Rhondda Fach the diagnosis, based on combined clinical, radiological, and serologicai 
grounds, was made equally frequently in both sexes. 

Thirdly, the confirmation of the validity of clinical syndromes. Two or more charac- 
teristics might coincide in individual clinical cases by chance. The validity of the associa- 
tion could only be shown in a large population. In the Rhondda Fach it had been possible 
to prove the association described by Caplan between one form of coal-workers’ pneumo- 
coniosis and rheumatoid arthritis. 

Fourthly, the provision of a proper control group upon which valid comparisons could 
be made between those affected and those not affected by any disease. In clinical research 
there was often a contrast between the ingenuity and elaboration of tests and the scant 
attention paid to the selection of ‘cases’ and ‘controls’. This might not matter when 
gross differences were concerned, but was important when smaller contrasts were being 
sought. An example was given of a comparison of iodine intake in all subjects with large 
benign goitres in the Vale of Glamorgan and in age-sex matched controls. 

Fifthly, the ratio between ‘known’ (already diagnosed by doctors) and ‘unknown’ (the 
remainder) cases of any disease, provided an estimate of the efficiency of the medical 
services. The ratio varied with different diseases, but was usually about unity, which 
meant that 50 per cent. of the cases of common diseases investigated in his surveys had 
previously been undiagnosed or misdiagnosed. 


Proressor J. H. KEtLGREN spoke upon Polyarthritis in a Population Sample. Since 
there was no precise information about the prevalence of the chronic rheumatic diseases 
in different parts of the world and in different population groups, we were still at the 
stage of working out reliable methods of assessing prevalence rates. A population sample 
confined to the 55-64 age-group had recently been studied, each individual having a 
systematic clinical and radiological examination of the articular system together with 
a serological test for rheumatoid disease. Clinical polyarthritis of some degree had been 
found more frequently in women than men. This had been classified on clinical grounds 
as rheumatoid in 3 per cent. of men and 11 per cent. of women, and as osteoarthritis 
in 12 per cent. of men and 33 per cent. of women. Four per cent. of women had been 
recorded as having both rheumatoid and osteoarthritis. On the other hand, the titre values 
in the sheep-cell agglutination test were distributed equally in the two sexes, positive 
tests being found in 5 per cent. of the men and 6 per cent. of the women. Radiological 
signs of rheumatoid arthritis were also found with equal frequency in both sexes, being 
noted in 7 per cent. of the men and 8 per cent. of the women. Radiological osteoporosis 
in the hands was almost entirely confined to women and, contrary to expectation, was 
usually not associated with other evidence of rheumatoid arthritis. Radiological evidence 
of osteoarthritis, as distinct from disk degeneration, was found more frequently in women 
than in men. In two-fifths of the men and three-fifths of the women this osteoarthritis 
was polyarticular, affecting three or more of the 13 groups of joints X-rayed. Those most 
affected were the finger joints and the first carpo-metacarpal joints in the hands, the knees, 
the small joints of the spine, and the great toe. This radiological osteoarthritis was 
more frequently accompanied by symptoms in women than in men. There was a highly 
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significant association between clinical Heberden’s nodes and radiological evidence of poly- 
articular osteoarthritis. 

It was suggested that polyarthritis in middle-aged women resulted from the interaction 
of three pathological processes: polyarticular osteoarthritis, osteoporosis and atrophy of 
connective tissue, and rheumatoid disease. Objective evidence of rheumatoid disease was 
found equally in both sexes, so that the excess of symptomatic polyarthritis in women 
might possibly be attributed to the other two processes. 


Proressor C. Stuart-Harris discussed Respiratory Diseases in the General Population. 
He said that field studies of acute respiratory disease usually followed the standard pattern 
of clinical and epidemiological observation. They had failed to add to knowledge unless 
aided by laboratory studies using some such techniques as the recovery of particular 
bacteria or of viruses. Then, as exemplified by work on influenza and more recently on 
the pharyngeal viruses, the operation of specific causative organisms could be followed, 
and the clinical phenomena could be interpreted in terms of aetiology. Unfortunately, in 
virus work, the inapparent infections of a subclinical character had proved of great im- 
portance in relation to the spread of infection and the development of immunity. More 
comprehensive observation of the phenomena of infection could be obtained by serological 
methods, and the use of these in studying epidemics of influenza was briefly mentioned. 
The serological-epidemiological technique had also been used to obtain information con- 
cerning the exposure of a particular population to strains of virus recovered during 
different epochs. Data obtained from studies in Sheffield and in Ann Arbor, Michigan, 
were described, showing that evidence of past infection with A-prime virus was found 
only in subjects over the age of 12, and with swine influenza over the age of 30. 

Chronic respiratory diseases, and particularly chronic bronchitis, were thought to be 
due to the result of the interaction of multiple causative factors, including heredity, 
personal habits, occupation, and the environment. Field studies were handicapped by 
the difficulty of obtaining clinical definitions. Some results of symptomatic surveys, used 
as a method of description of particular groups of persons, in order to distinguish syndromes 
rather than defined disease, were presented. (Further results of these surveys were demon- 
strated by Dr. MarGarRet CuiFTon after the Symposium.) 


Dr. F. J. W. Mrtier said that the other contributors to this symposium had spoken 
of population studies concerning adults ; his purpose was to describe a Study of Morbidity in 
Infancy and Early Childhood, designed to answer a particular requirement in a given 
locality. The need was that of a Department of Child Health concerned with the teaching 
of medical students, which required to know the incidence and types of infective illness 
found in a community during infancy and childhood; without such knowledge it was 
difficult to bring relevance or perspective to teaching. He said that mortality and morbidity 
were now disassociated, and there was no method of measuring morbidity except by 
current observation of a population and the recording and description of the endemic 
and epidemic illnesses. Since 1947 they (in Newcastle) had observed a group of infants 
enrolled at birth over a period of two months; 1,142 had been enrolled, and 847 observed 
for at least five years. To illustrate the type of information becoming available, Dr. Miller 
said he would deal with only three examples, 

First, in respect of total morbidity, some 8,384 episodes of illness or accidents had been 
recorded in the first five years, of which 81 per cent. were episodes of infective illness. 
Respiratory infections accounted for more than half of all episodes and, with the acute 
infectious fevers (1,379), alimentary infections (993), and skin infections (341), formed 
no less than 93 per cent. of all incidents of infective illness. Thus the common illnesses 
seen by the doctor in practice were likely to be in these groups. There had been only five 
cases of pyococcal meningitis, all in the first year, and two cases of poliomyelitis, in this 
total. Respiratory infection was more serious the younger the child, and there was a 
significant association between serious respiratory infection and poor social and family 
circumstances. 

Secondly, pertussis had claimed attention very early in the work ; cases appearing on 
the 13th and 17th day made them realize that it was much more common than supposed, 
and within their definition they had recorded 100 cases in the first year and 388 by the 
fifth year. The range of variation in pattern was large, and ‘typical’ whooping-cough 
not always seen. They had recorded three times the notified incidence, and thought it 
was likely that 70 to 80 per cent. of children had had pertussis by the age of 10. In an 
unvaccinated population it was fatal only in the first year with, in that year, a mortality 
of 3 per cent. Lung damage occurred in less than 1 per cent., and again only in the very 
young. 

Thirdly, family infection had been observed in about 40 families with either staphylo- 
coccal type illnesses or streptococcal type illnesses, recurring and persisting over long 
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periods of time. One family was reported in detail, showing the recurrence in all members 
of tonsillitis, otorrhoea, and bronchitis over a period of four years. Such a story taught 
that it was insufficient to look at the individual alone, and the family doctor must be 
taught to be aware of the family situation. 

Dr. Miller said that the investigation in Newcastle had enlarged their own experience 
of illness in infancy ; its results were enabling them to relate hospital teaching to general 
practice, and to achieve a perspective unattainable in any other way. 


Dr. R. Dott (introduced) reported the results of an investigation into the Relationship 
between the Incidence of Leukaemia and the Dose of Irradiation among 13,352 Patients with 
Ankylosing Spondylitis who had been treated by radiotherapy during the years 1935 to 
1954. Forty-nine of the patients were said to have developed leukaemia, aplastic anaemia, 
or myelofibrosis; 46 of these patients had died, and the cause of death was certified to 
have been leukaemia in 28 and aplastic anaemia in 13. The maximum numbers of deaths 
which could have been expected on the basis of the national mortality data were 2-9 and 
0:3 respectively. Review of the clinical and pathological data had revealed that there 
were no reasons to doubt the diagnoses in patients reported to have developed leukaemia, 
but the diagnosis of aplastic anaemia had often been questionable. Aplastic anaemia was 
eventually considered to have been established in only four patients, only two of whom 
presented the characteristic syndrome of a disease occurring within a few weeks of irradia- 
tion and responding to blood transfusion. Half the patients reported as having aplastic 
anaemia were finally considered to have suffered from aleukaemic leukaemia. The numbers 
of patients given different doses of radiation were estimated from a sample of approxi- 
mately 2,000 patients, i.e. approximately one in six of the whole group. Two methods of 
assessing the dose were adopted: (1) estimation of the total amount of energy absorbed 
by the whole body (i.e. the whole-body integral dose), and (2) estimation of the maximum 
tissue dose received at any point in the spinal marrow. The two methods agreed in 
showing that the incidence of leukaemia increased with the amount of radiation received, 
and also that there was an increased incidence at the lower levels of dose commonly 
employed in the treatment of ankylosing spondylitis. The results of neither method pro- 
vided evidence of the existence of a threshold dose below which an increase in incidence 
did not occur. The two sets of results differed in that with one it appeared that the 
incidence increased more rapidly at higher levels of dose, whereas with the other it appeared 
that there might be a linear relationship between dose and incidence throughout the range 
of doses studied. 


In the discussion, Proressor G. W. PicKERING said that the contributions they had 
heard that afternoon made it clear that population studies not only provided new data 
concerning causative factors in disease—data that could be got in no other way—but, un- 
expectedly enough, would often materially change their understanding of those diseases. 
Another example in which this had happened was essential hypertension. Observations 
previously described to the Association had made untenable the old idea that essential 
hypertension was a disease entity, and had led to the idea that blood-pressure was a 
graded characteristic. The original observations had had several defects as population 
studies. These had been corrected by the recent work of Miall and Oldham who, using a one- 
in-90 random sample of the population in the Rhondda Fach, had shown that the degree of 
resemblance in blood-pressure between close relatives was the same in the lower as in the 
upper ranges. It seemed, therefore, that essential hypertension represented nothing more 
than the upper range of arterial pressure, to which the factors of inheritance, cnvironment, 
and age all contributed. The factor of environment was probably not less important than 
the others, and it seemed probable that this could only be identified and measured by 
means of population studies. 


Dr. C. A. CLarkE asked whether Dr. Doll had any figures for the incidence of leukaemia 
in children who had received deep X-ray therapy for enlarged adenoids—a method of 
treatment which seemed to be on the increase. Dr. Doxt replied that he had no such 
figures. 


Dr. J. C. Gitson said that the community surveys described by Dr. Cochrane gave an 
opportunity to see whether conclusions based on hospital groups applied to the general 
population, or not. Most clinicians would agree that elderly patients seen in hospital with 
bronchitis were breathless. This conclusion, however, was not supported by the distribu- 
tion of ventilatory capacity (measured by a single-breath method) observed in two com- 
munity samples aged 55 to 64. Those who gave a history of persistent cough and sputum, 
with one or more periods of sickness from chest disease, during the three years preceding 
the time of the survey, were distributed evenly throughout the distribution curve of 
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ventilatory capacity, so that there appeared to be little relationship between impaired 
ventilatory capacity and those respiratory symptoms which many would regard as being 
characteristic of chronic bronchitis. 


In relation to Dr. Clarke’s question Dr. Atice Stewart stated that her Department 
was Carrying out a survey in which the mothers of all children who died of leukaemia 
before the age of 10 years, in the period 1953-5, and a corresponding set of mothers with 
live children of the same age and sex, would be asked to give a complete history of X-ray 
exposures, both in the antenatal period and in early childhood. 


In summing-up the symposium Prorressor J. McMicuart pointed cut the fallacies of 
data from the Registrar General’s figures, hospital populations, and post-mortem studies. 
It made a great difference to realize that malignant hypertension developed in only 0-5 
per cent. of Bechgaard’s hypertensive population, as contrasted with figures like 7 per 
cent. of hypertensive patients seeking help in hospital. Population studies, however, only 
afford clues, and it was for the laboratory workers to follow up their meaning in scientific 
terms. Chatin’s survey of the relationship of goitre to the iodine-content of water-supplies 
was ill received a century ago ; it stimulated a further population survey which emphasized 
the exceptions, as a result of which progress in knowledge had been delayed. Population 
research was very costly, and it was essential that first-class clinicians should be involved. 
Amateur medicine could vitiate otherwise laudable projects. It was necessary to avoid 
involvement in emotional and political issues, although political necessity might on 
occasions be the starting-point for first-class research. 


Annual Dinner 


The Annual Dinner was held in the Mansion House, by permission of The Lord Mayor 
of London, the London members providing sherry beforehand. The President, Sir W. 
RussELL BRAIN, was in the Chair. The toast of the Right Honourable The Lord Mayor 
and The Corporation of London and Sheriffs was proposed by The President, and The 
Lord Mayor locum tenens, Alderman Str S—EymMour Howarp, replied. The President also 
proposed the Toast of the Association. Dr. E. R. CuLLINAN proposed the toast of the 
Guests, and the Lorp CHANCELLOR, Lorp Ki~murrR, replied. Sir CHARLES SYMONDS 
proposed the toast of the President. 


Saturday, 9.30 a.m. 


8. Dr. Geramnt James, Dr. A. D. THomson (introduced), and Dr. A. Witicox 
discussed Erythema Nodosum as a Manifestation of Sarcoidosis. In 27 patients with 
erythema nodosum, sarcoid tissue had been demonstrated by the Kveim test (19 cases) 
and/or biopsy of skin (five), lymph-node (four), liver (four), or directly from the skin lesion 
of erythema nodosum (two). In 24 of these patients chest radiographs had shown bilateral 
hilar lymphadenopathy. This had always resolved, but in five patients it had been 
followed by transient diffuse pulmonary mottling. In 17 patients transient polyarthritis 
had preceded or accompanied the erythema nodosum. The joint pains might at first be 
confused with acute rheumatism, and the differential diagnosis was discussed. The syn- 
drome had a favourable prognosis. It was important to obtain histological evidence to 
segregate this group from erythema nodosum due to other causes. At the onset of erythema 
nodosum due to sarcoidosis careful search might reveal other skin lesions or enlarged 
lymph-nodes, which might subside within a week. It was important to secure histological 
evidence from these tissues at the first opportunity, since it was more reliable in diagnosis 
than radiographs, blood counts, or Mantoux tests. When such lesions were not available, 
the Kveim test and aspiration liver biopsy were alternative procedures which might 
provide histological proof. 


Tse Prestpent asked whether neurological or ophthalmic complications had been 
observed. 


Dr. J. L. Livinastone said that he had seen the syndrome occasionally. He was 
interested in the high proportion of cases presenting joint manifestations, and felt certain 
he had wrongly diagnosed several such cases as rheumatoid arthritis, although the picture 
was usually more a fleeting arthralgia of the bigger joints. Recently he had seen a young 
woman with multiple arthritis in whom the correct diagnosis had only been made after 
eight weeks by liver biopsy, after a negative Mantoux test. 


Proressor M. L. RosENHEIM inquired about the definition of sarcoidosis, and suggested 
that it represented a type of tissue reaction rather than a disease entity. 
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PROFESSOR JOHN CROFTON suggested that any patient with bilateral hilar adenopathy, 
erythema nodosum, and a negative or only weakly positive tuberculin test, could be 
regarded as suffering from sarcoidosis, since any other diagnosis was extremely unlikely. 
Confirmation by biopsy or by the Kveim test was elegant, and desirable in an academic 
series, but was not strictly necessary. 


Dr. J. G. Scapp1ne said that, of 142 patients with sarcoidosis whom he had seen up 
to December 1955, 15 had had erythema nodosum as their first or an early symptom. 
Eight of these had also had ‘rheumatism’. In 13 enlarged hilar nodes had been present 
at the beginning. The subsequent course of these patients had confirmed the generally 
good prognosis of this group, since of the 13 who had been followed up long enough to 
permit an estimate of the ultimate prognosis, 11 now showed no shadows in their chest 
X-rays and no other manifestation of sarcoidosis. 


Proressor ALAN MONCRIEFF commented that investigation of a patient with erythema 
nodosum should also include a blood culture. He referred to the possibility of a subacute 
meningococcal infection, and stated that he had also seen the phenomena in chronic 
staphylococcal and bacillus coli infection. Erythema nodosum due to sulphonamides 
seemed to have vanished. It looked as if it could be regarded as a sensitivity reaction 
to a wide range of bacterial and chemical toxins. 


Dr. C. H. Wurtttez suspected that Dr. James would find it as difficult to define erythema 
nodosum as sarcoidosis. He agreed with Professor Moncrieff that more than one agent 
might be responsible for the syndrome. Drug eruptions resembling erythema nodosum 
were fairly common, and a careful inquiry into the taking of drugs should always be 
made ; but streptococci and meningococci might give rise to a similar pattern of reaction 
in the skin. He asked how often evidence of sarcoidosis was likely to be found in routine 
examination of erythema nodosum cases. 


Replying, Dr. James said that four patients had shown transient subacute iridocyclitis, 
but there had been no neurological manifestations. In only one patient was there a history 
of close contact with tuberculosis. Erythema nodosum in children and adolescents was 
rarely due to sarcoidosis. Up to the age of 18 years it was more likely to be associated 
with primary tuberculous or streptococcal infection. In adults of 20 to 40 years, especially 
women, it was commonly due to sarcoidosis, and if there was an associated bilateral hilar 
lymphadenopathy this was almost always the diagnosis. 


9. Dr. K. M. Crrron (introduced) and Dr. J. G. Scapprne described an investigation 
into the Influence of Cortisone upon the Tuberculin Reaction in Tuberculosis and in Sarcoi- 
dosis. One hundred and forty-two subjects had been tested by injecting cortisone acetate 
locally, mixed with the tuberculin used for the intradermal tuberculin test. The size of 
the reaction was compared with that produced by a similar dose of tuberculin alone. 
The dose of tuberculin had been adjusted according to the individual degree of sensitivity 
of the patient. In patients with active pulmonary tuberculosis cortisone had been found 
to have a graded anti-inflammatory effect, markedly suppressing tuberculin reactions in 
subjects of high tuberculin sensitivity, the degree of suppression decreasing progressively 
with diminishing sensitivity, until in subjects of low sensitivity no inhibitory effect was 
evident. In tuberculous patients desensitized to tuberculin, tuberculin plus cortisone 
frequently induced a reaction. Likewise in 50 per cent. of sarcoidosis patients insensitive 
to tuberculin, tuberculin plus cortisone induced a reaction. In healthy tuberculin-insensi- 
tive controls tuberculin plus cortisone produced no reaction. The authors suggested that 
in the desensitized tuberculous patients, and in sarcoidosis, the addition of cortisone to 
the tuberculin revealed a residuum of tuberculin sensitivity too slight to be detected by 
tuberculin alone. Having demonstrated that cortisone had no apparent anti-inflammatory 
effect upon tuberculin reactions in subjects of low tuberculin sensitivity, the authors 
produced evidence to suggest that the induction of tuberculin reaction by cortisone in 
desensitized tuberculous patients and in those with sarcoidosis was due to the hormone 
increasing local retention of tuberculin at the site of injection. 


10. Dr. D. A. J. Tyrrett and Dr. E. Zaman (introduced by Prorgessor C. Stuart- 
Harris) described A New Group of Viruses of the Respiratory Tract and its Clinical 
Significance. A new group of viruses which appeared to be of significance in relation to 
acute respiratory disease had been discovered by American workers and termed the 
adenoidal-pharyngeal-conjunctival (APC) or R.I. agents. The viruses had been isolated 
in Sheffield from adenoids and from nose and throat secretions by using tissue cultures, 
and serum antibodies had been detected by complement fixation and neutralization tests. 


BS 
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Most of the positive results had been found in cases of acute respiratory-tract infections 
in young soldiers and in an outbreak of sore throat and conjunctivitis (pharyngoconjunc- 
tival fever) in a boys’ residential school. Evidence of APC virus infection had been found 
in 14 cases of acute respiratory-tract infection in young soldiers. The clinical picture 
resembled influenza, but fever was less and sore throat and laryngeal involvement was 
more common than in comparable cases of influenza B virus infection. The clinical picture 
corresponded to ‘febrile catarrh’ or ARD. In 15 soldiers admitted to hospital the disease 
had been more severe; four had shown signs of pneumonia, and one had had typical 
meningococcal meningitis. In an epidemic affecting 35 of 212 boys in a residential school 
all 12 cases studied had shown evidence of APC virus infection. The clinical picture was 
of a pharyngitis and rhinitis of varying severity with, in six cases, unilateral or bilateral 
conjunctivitis. The clinical picture corresponded to ‘pharyngoconjunctival fever’. It was 
pointed out that, whereas the American workers had found only type 3 APC virus in 
cases with conjunctivitis, this epidemic was apparently due to type 7 virus. It was 
suggested that country-wide epidemics of APC virus infection occurred, and that the 
commonest clinical forms of the infection probably remained to be discovered. 


Dr. T. ANDERSON referred to studies carried out at the Virus Department at Ruchill 
Hospital, Glasgow, under Dr. Norman R. Grist. The patients examined consisted of those 
suspected of having influenza, adults admitted with a diagnosis of pneumonia, and babies 
under two years admitted as cases of pneumonia. Two hundred and nine such patients 
had been examined serologically against the APC group of viruses, all with negative 
results. Since November 1955 an outbreak of keratoconjunctivitis had been occurring 
among heavy industrial workers on Clydeside. Fifty-two samples of serum had been 
taken on the same day from workers affected from one to 112 days previously. In those 
with a history of illness more than 14 days previously, high titres against APC-virus group 
antigen were found in complement fixation tests. In five out of seven paired samples there 
were significantly rising titres. The type of APC virus had not yet been defined. It was 
not always easy to correlate laboratory findings with the outbreak. In a nursery epidemic 
in which eight children aged between nine months and four years became ill with an 
acute respiratory infection, pooled throat swabs yielded an APC virus, and subsequently 
an APC virus was isolated from one of the swabs. Complement fixation tests on sera 
showed high but not rising titres in the child from whom the virus had been isolated, but 
negative results in the remainder. Although the APC virus in this case was present, it 
could not be regarded as the cause of the outbreak. Present evidence did not suggest 
that these viruses were important in the more serious forms of respiratory infections. 


Proressor STUART-Harris said that there were still difficulties in regard to the signi- 
ficance of these new viruses in disease in the general population. Dingle’s family studies 
in Cleveland had failed to yield evidence of APC infection up to October 1955. However, 
it was probable from the experience in March 1956 in Great Britain that at certain times 
the APC viruses caused both localized outbreaks and sporadic cases in the general 
population. 


Proressor A. V. NEALE asked whether any aspects of the epidemiology could be 
related to contact with animals. 


PROFESSOR JOHN CROFTON asked whether there was any evidence concerning the effect 
of antibiotics on these viruses. 


In reply, Dr. TyRRELL said that type-8 virus was originally isolated from keratocon- 
junctivitis, and if the Clydeside epidemic had been due to a virus of this type there might 
be some connexion with the fact that a simultaneous epidemic of febrile catarrh in soldiers 
at Lincoln had apparently been associated with type-8 virus. In Sheffield no APC virus 
had been isolated from the secretions of a number of children and babies with acute 
respiratory infections. Positive serological tests for APC infection had been found in two 
out of 60 adult civilians suffering from bronchitis or pneumonia, and in none of 40 students 
and nurses with milder respiratory infections. These results paralleled those of Dingle in 
the U.S.A. and Dr. Anderson in Glasgow. No APC virus had been found to infect an 
experimental animal, and it was therefore unlikely that animals could act as vectors of 
the virus. These viruses were unaffected by penicillin and streptomycin, and probably by 
other antibiotics. 


1l. Dr. J. M. K. Spauprne (introduced by Dr. W. Rircure RussELL) communicated 
his Experiences with Positive-Pressure Respiration at Oxford since September 1953. He 
described the apparatus he had used (The Radcliffe Respirator), and a recent development 
of it which provided negative pressure in expiration. Thirty patients had been treated 
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(13 with poliomyelitis, eight with polyneuritis, four with tetanus, three with post-operative 
respiratory failure, one with barbiturate poisoning, and one with high-cervical spinal 
tumour); eight (with polyneuritis or tetanus) had made a complete recovery, and 15 a 
partial recovery, while seven had died. The chief cause of death was inhalation of vomit 
in the early stages of paralysis, and this was important, because it could usually be 
prevented. One death in polyneuritis was due to circulatory failure, and one in tetanus 
to hyperpyrexia. Dr. Spalding concluded that intermittent positive-pressure respiration 
was established as a life-saving procedure. More than half of his patients had suffered 
from diseases for which they would normally have been admitted to a general hospital, and 
the treatment of an acute case made demands on medical, nursing, and ancilliary staff, 
which could only be met in a general hospital. He considered it desirable that every large 
medical centre should have a unit in a general hospital specially interested in artificial 
respiration. 


Proressor MELVILLE ARNotr warmly thanked Dr. Spalding for his communication, 
and also for the great assistance that he and Dr. Ritchie Russell had extended to the 
Birmingham team which had been set up for assisted respiration. Further emphesis was 
placed on the importance of a respiratory team being placed jn a large general hospital, 
based if possible on a cardio-respiratory organization accustomed to such procedures as 
arterial puncture and quantitative blood and alveolar air studies. Mention was made of 
the development in Birmingham by Dr. J. F. Nunn of a device for the continuous sampling 
of end-expiratory air and the estimation of its CO,-content by the colour characteristics 
of bromthymol blue measured by a photo-electric cell. This apparatus was already 
working satisfactorily in operating theatres, and had the advantage that there were no 
high-tension circuits as in the infra-red analyser with consequent risk of sparking. 
Professor Arnott emphasized that, apart from acute neurological disease, positive-pressure 
assisted respiration was very helpful in the management of the respiratory paralysis which 
sometimes persisted for some hours after relaxant anaesthesia. Further work was required 
to determine whether the reversal of the pressure phase in the thorax during positive- 
pressure respiration seriously impaired right heart filling. 


Dr. J. MarsHaty acknowledged his debt to Dr. W. Ritchie Russell and Dr. J. M. 
Spalding for his initial experience in the use of positive-pressure respiration. He said that 
there was another use for this method of treatment which deserved exploration, namely 
for patients with empysema or pulmonary fibrosis in whom the prognosis was reasonably 
good, but who developed respiratory insufficiency because of infection. These could be 
tided over an acute crisis. CO, retention in these people was a great hazard, and could 
be avoided by a period of positive-pressure respiration. 


Dr. F. J. Nartrrass referred to a case of myasthenia gravis in which, under the super- 
vision of Professor E. A. Pask, positive-pressure respiration had been maintained for 44 
days. The instrument was triggered to allow of any contributions to breathing which 
the patient could make. Finally thymectomy had been performed, while using the 
respirator, with complete recovery. This case was being reported. 


Dr. P. Hucx-Jonss (introduced) said that in view of the dangers of hypoventilation, 
especially in ephysematous patients and in those with renal failure, he thought it advisable 
to have means of monitoring the end-expiratory carbon dioxide tension of the breath of 
patients in mechanical respirators. The infra-red gas analyser, although expensive, was 
robust and reliable, and suitable for this purpose. Its use saved the need for arterial 
puncture (as advocated by some Scandanavian workers) and its durp cial had been 
proved in poliomyelitis centres in the United States. 


Dr. R. E. Sarru stated that it was sometimes desirable to give positive pressure to help 
those already in a respirator, where breathing was being maintained by negative pressure ; 
it was necessary to have synchronous working of the two machines, and this was a feature 
of the Smith—Clarke type of apparatus. It was also important to know when the swallow- 
ing reflex returned. In some cases of polyneuritis and polioencephalitis swallowing returned 
at a much earlier date, perhaps in two or three weeks, whereas the other paralyses lasted 
for months or even a year. 


THE PRESIDENT also paid tribute to the pioneering work which Dr. Russeil and Dr. 
Spalding had carried out at Oxford. 


In conclusion Dr. Spatp1nG said he hoped that his communication would effectively 
dispose of the fable that neurologists were not interested in treatment. 
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12. Dr. D. A. PyKE (introduced by Dr. A. M. Cooke) described a study of the relation- 
ship between Parity and the Incidence of Diabetes. He said that it was a common observa- 
tion that more women than men had diabetes, especially in later life, a difference which 
had been attributed to the effects of the menopause, and to a greater tendency of women 
than of men to become fat. It had long been known, however, that the excess in women 
was confined to married women. In a group of 953 diabetic patients, 728 were over 45 years 
old, and in them women outnumbered men by 477 to 251. Some excess of women was 
to be expected, because women outnumbered men in the general population; the re- 
mainder could be explained by the effects of parity. The excess of women was confined 
to those who had borne children, the number of nulliparae being no more than expected. 
With increasing parity the incidence of diabetes rose. That this was not merely a reflection 
of an association between parity and obesity was shown by the fact that women out- 
numbered men among those who were not overweight as well as among those who were. 
Parity did not cause the earlier appearance of diabetes, the average age at diagnosis being 
similar for all parity groups. Since as many women as men had a family history of diabetes, 
it appeared that the effect of parity was to uncover a potentiality for diabetes rather than 
to cause the disease. This implied that the incidence of potential diabetes in the general 
population was higher than previously supposed. 


Dr. R. MvuEHRCKE asked whether the incidence of overweight had been studied in 
relation to parity. 


ProFESsOR JOHN CROFTON inquired whether there had been any investigation of the 
incidence of parity in the relatives of patients having diabetes and a large number of 
children. If the relatives of such patients also tended to have a large number of children 
the effect of parity might be causal. 


Dr. M. I. Drury challenged the speaker’s assertion that the State of Virginia was the 
most fertile part of the world, and registered a claim for the City of Dublin. At the 
National Maternity Hospital and the Coombe Lying-in Hospital in Dublin high multi- 
parity was frequent. One of every eight cases delivered at the Coombe Lying-in Hospital 
had been delivered of seven or more viable children, so that if the onset of diabetes could 
be related to parity level there should be a constant supply of female diabetics in Dublin. 
Like the speaker, he paid a good deal of attention to the obstetrical history of his diabetic 
patients. Of 50 of his own diabetic patients 20 had borne more than seven viable children 
before the onset of their diabetes. He asked whether Dr. Pyke used the term ‘parity’ to 
refer only to viable children, or if he included abortions. He thought it odd that high 
multiparity did not result in an early development of diabetes, if parity was to be regarded 
as a causal factor. A study of his own cases confirmed that there was no relationship 
between the degree of multiparity and the age of onset of the diabetes. This would suggest 
that other factors, such as obesity, should not be discounted. High multiparity was 
probably associated with excessive gain of weight. 


Dr. P. HucH-Jones (introduced) suggested the possibility of comparing diabetes in 
Jamaica with that in Africa in order to elucidate the effects of parity as opposed to obesity. 
Experience in Jamaica showed the same excess of diabetes in women as Dr. Pyke described, 
whereas he understood from reports from Africa that the same high prevalence of diabetes 
in women was not found there. Hospital populations would be adequate for the comparison, 
in areas of Africa, of people matched as regards racial descent with those in the West 
Indies. If records of age, sex, obesity, and parity were kept in diabetic clinics in the two 
areas, it might be possible to verify the suggestion that excess of female diabetics in 
Jamaica resulted from parity with obesity, whereas in Africa parity alone might operate. 


In reply to Dr. Muehrcke Dr. Pyxke said that the incidence of overweight (i.e. 10 per 
cent. above mean weight for height and age) rose from about 30 per cent. among nulliparae 
to about 50 per cent. among women with two children, and thereafter stayed roughly 
constant. He had no figures with which to answer Professor Crofton. 


13. Dr. C. D. Burrety, Dr. H. P. Hicerss (introduced), and Dr. Russet Fraser 
discussed The Clarification of Doubtful Results of Radioiodine Tests by the Response to other 
Drugs. They described two ‘suppression’ tests which they had found useful for distinguish- 
ing the high radioiodine uptake due to thyrotoxicosis from that due to other conditions. 
In the first test triiodothyronine (T,) was given in a dosage of 0-18 mg. daily for eight days 
and a further I test was done on the seventh day. By that day early thyroid clearance 
values had been suppressed to subnormal levels in 12 euthyroid patients. In 10 severely 
or obviously thyrotoxic patients there had been little or no change in the values before 
and after triiodothyronine, and in 11 mildly (initially dubious) thyrotoxic patients there 
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was slight suppression of the radioiodine test values, but subnormal uptake, invariably 
produced in normal subjects, had never been shown. Mild symptoms required discon- 
tinuance of T; in only four subjects. This test could be completed in seven days. In the 
second test, requiring six weeks for completion, 10 mg. potassium iodide was given daily 
for 14 days, followed in a further four weeks by another radioiodine test. Seven normal 
subjects, seven patients with goitrogen-induced myxoedema, and 47 patients with a non- 
toxic goitre and/or anxiety state (and initially high radioiodine test values) had all had post- 
iodide radioiodine results within the normal range, with three exceptions for which there 
were special explanations. In contrast 21 mildly thyrotoxic patients, with one exception, 
had had final radioiodine test values well above the normal range. The iodide suppression 
test had been found to have prognostic value in forecasting sustained remission in 2] 
thyrotoxic patients who had been on antithyroid drugs. 


Proressor E. J. Wayne asked whether T;, suppressed radioiodine uptake in patients 
who were clinically euthyroid after thyroidectomy. Dr. Hicers said they had no evidence 
on this point. 


Dr. J. H. Means (of Boston, Mass., introduced) said he had been much interested by 
the communication. He was often asked what the best test of thyroid function was, but 
there was no ‘best’ test. The several tests which had been proposed in the past, together 
with these new ones, tested different parts of total thyroid function. The situation was 
analogous to that of tests of liver function. The more tests that were made, the more 
comprehensive was the understanding of what was going on. Usually one or two tests 
gave sufficient information for routine diagnostic purposes, but in complicated or confused 
cases, or for research purposes, broader information might be needed. 


Dr. E. M. MoGrrr stated that he had investigated the effect of thyroxine (0-1 mg. 
three times daily for 10 days) on the 24-hour thyroid gland uptake of I, and on the 48- 
hour protein-bound ™J in the serum, in 40 patients. Thyroxine depressed the uptake of 
131J in euthyroid subjects, but did not depress it in thyrotoxic patients. In euthyroid 
subjects it had a similar effect on elevated 48-hour values of protein-bound ™J, but did 
not depress values in thyrotoxic patients. Studies in 17 doubtfully non-thyrotoxic and 
six doubtfully thyrotoxic patients confirmed that the effect of thyroxine on gland uptake 
was a useful additional method to exclude or confirm the diagnosis of thyrotoxicosis. 
However, in some patients shown to be non-thyrotoxic by other tests the gland uptake 
was not depressed. In these patients, with one exception, the 48-hour protein-bound !1J 
was depressed by thyroxine. He considered that more helpful information might be 
obtained by study of the effect of thyroxine on serum protein-bound J than on gland 
uptake of }*1I. In problem patients where such a test was likely to be used he favoured 
the use of multiple rather than single tests. 


14. Dr. C. E. Dent introduced Dr. D. N. Baron, Dr. H. Harris, Dr. E. W. Hart, 
and Dr. J. B. Jepson, with whom he had studied a Hereditary Pellagra-like Skin Rash 
with Temporary Cerebellar Ataxia and Constant Renal Aminoaciduria and other Bizarre 
Biochemical Features, or Hartnup disease (after the family in whom the disease had first 
been observed). The disease affected four out of eight sibs in a family with first-cousin 
parents. It closely mimicked pellagra due to vitamin deficiency, the most constant feature. 
being a photosensitive skin rash. In some instances gross but reversible neurological signs 
could develop, and the older affected members were also mentally retarded. It was also 
characterized by the presence of constant gross biochemical abnormalities, not found in 
classical pellagra, by which it might be identified even during periods in which clinical 
features were absent. These included a gross amonoaciduria of renal origin and unique 
pattern, and an excessive excretion of indican and other indole derivatives. It was possible 
that many cases previously diagnosed in this country as pellagra might in fact have been 
Hartnup disease, and indeed they had been able to prove this in two recently published 
cases. The clinical features probably resulted from an inborn error of indole metabolism. 
The basic biochemical lesion remained obscure. A more complete clinical description was 
in the press (Lancet). 


Tue PresIpENT asked whether there were any abnormalities in copper metabolism. 


Proressor Puarr asked if the intelligence quotients of unaffected members of the 
family had been estimated. 


Dr. M. D. Mrtne asked whether the renal arminoaciduria occurring in this condition 
was associated with evidence of defects of proximal tubular function similar to those of 
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the Fanconi syndrome, such as renal glycosuria or increase of phosphate or uric acid 
clearance. 


Dr. A. W. D. Letsuman asked whether porphyria had been excluded in these cases, 


Dr. E. G. L. Bywarers asked whether the aminoaciduria varied with the clinical 
exacerbations, 


In his reply Dr, DENT said that the copper excretion in the urine of their cases had been 
determined and was normal. The intelligence quotients were normal in three out of the 
four unaffected sibs, but in the fourth, who was very different physically from the others, 
and also showed psychotic behaviour, it was much lowered. There was no other evidence 
of renal tubular damage that they could determine: in particular they had looked for 
defects such as were found in the Fanconi syndrome, but had found no evidence for them. 
This was unexpected in view of the very gross defect of aminoacid reabsorption. There 
were no neurological abnormalities in the unaffected members of the family. The known 
forms of porphyria had been excluded by their investigations, but it was of interest that 
an unexplained slight increase in stool protoporphyrin was found. The aminoaciduria did 
not vary with the clinical exacerbations. It was quite constant and characteristic. It 
looked very much as if the patient’s genetic make-up was not necessarily harmful but 
acted as if greatly to predispose to external irritants such as sunlight and infection. 


15. Dr. D. A. K. Buack presented A Revaluation of Terra Sigillata. He recalled that 
this was a red earth, originally found in Lemnos, which had over many centuries been 
made into tablets and used for the treatment of many diseases, but mainly of poisoning. 
In the 16th century a condemned felon took a dram and a half of corrosive sublimate, 
followed by terra sigillata, and survived his experience. Analysis of a sample of earth had 
shown it to be siliceous, suggesting that it might have ion-exchange properties. Exchange 
resins were found to take up heavy metals effectively in vitro, and to retain them in fluids 
of electrolyte composition similar to that of gastric and intestinal contents. When a normal 
subject ingested a resin containing iron, the resin recovered from the stools contained 
only 50 per cent. of its original iron content. When iron was ingested, followed by iron- 
free resin, the uptake of iron by the resin amounted to only 25 per cent. of its total 
capacity. Various reasons were discussed for this partial discrepancy between the in vitro 
and in vivo results; it was thought possible that the terra sigillata might have had some 
effective action in heavy-metal poisoning. 
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